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Woody ornamental plants are considered the key for well- designed landscapes;
Callistemon citrinus is one of those plants. In arid and semiarid areas, Callistemon has been used
in gardens and landscapes for its unique characteristics. This study was conducted to evaluate the
performance of Callistemon in landscapes under different environmental stress conditions
including water, and heat. Further, the potential of using 3D software SketchUp in landscape
design was also investigated.
Callistemon plants were grown under 100, 50 or 30% of field capacity with or without
shredded hardwood mulch. When field capacity decreased, root: shoot ratio and water use
efficiency were improved, but canopy temperature increased. The decreased water caused
decreases in leaf greenness, chlorophyll a, shoot volume, root volume, leaf water potential, and
transpiration rate. Mulch increased root volume and leaf water potential.
Callistemon growth under shade structure angle and orientation was examined. Shade
structures were installed at 90° and 70° to the ground and three orientations, south, east, and
west. Transpiration rate was reduced under the shade.

The plant’s response to heat was also examined. Plant were exposed to 45/35, 35/25, or
25/15 °C, d/n. The plant’s physiological response was tested after two weeks. Highest
temperatures decreased Chl b content and SOD activity compared to control. In contrast,
carotenoid content and H2O2 level increased under the highest temperature treatment. Catalase
activity was increased at moderate but decreased under the highest temperatures.
Designing a 3D model using SketchUp software was examined. The program function
was evaluated, and the designed experiment was tested. Planning a site with shadows predicted
was achieved. The work was done with greater precision and less effort. The program was
effective in reducing time and cost. SketchUp can be successfully used in landscape work.
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INTRODUCTION
Landscaping is an essential part of our culture and plays an important role in the quality
of our environment. It is considered one of the most cost-effective solutions to promote and
support quality of life. Besides economic well-being, it influences our health physically,
physiologically and psychologically. In landscape design and management, selecting and siting a
plant is one of the most important steps. The key to a well-designed landscape is the proper use
of woody ornamental plants (Maleike, 2012). Woody plants are one of the most significant
vegetative elements of a landscape (Paganová and Jureková, 2012). Setting the right plant in the
right place can reduce maintenance and costs and is one of the fundamental principles for
beautiful gardens and landscapes (Malloy and Caldwell, 2008). Green spaces have various
benefits including heat intensity alleviation, reduce air pollution, and maintaining biodiversity.
Furthermore, they eliminate city noise pollution, increase carbon sequestration, and increase real
estate values as well as aesthetics and recreation opportunities (Gupta, 2012).
Callistemon is considered as one of the most successfully used ornamental shrubs in
urban landscapes in Mediterranean regions (Alvarez et al., 2011). In urban landscaping,
Callistemon cultivars were the most common landscape plant used in southern China (Li and
Feng, 2014). The species Callistemon citrinus has been used for its unusual features such as,
bright red flowers, ability to be trained as a tree, and serving as habitat for some living creatures
(Gilman and Watson, 1993).
1

Environmental factors of moisture and temperature are considered the most determining
factors for selecting the right plant for a specific area. High-temperature tolerance and drought
resistance are attributes of successful urban, landscape plants (Maddox and Kelly, 2012). Plants
in arid conditions rely on a plant’s morphological structure and metabolic ability to function
without permanent damage (De Micco and Aronne, 2012).
Drought is a severe limitation to plant growth, development, and production particularly
in arid and semi-arid regions (Galle et al., 2007). Absence of rainfall or irrigation for an extended
period causes depletion of the soil moisture and wilting of plants. When moisture absence is
excessive, it limits water absorbed by roots and the rest of the plant, affecting vital processes
(Knox, 2005).
Stressful conditions such as heat, high solar radiation, or wind can negatively affect plant
growth. Manipulating planting characteristics to specific growth conditions has been intensively
studied. Photoselective materials were investigated for decades (Ilias and Rajapakse, 2005).
Shadecloth has been increasingly used to manipulate microclimate conditions for plant growth
and development. It has been used as an outdoor screen as well as in greenhouses to protect
plants. Light intensity, temperature, and humidity can all be modified using shadecloths (Perez et
al., 2006).
High temperatures affect the photosynthesis rate (Weis and Berry, 1988). Optimal
photosynthesis occurring in a temperature range between 15 to 27˚ C. Temperature tolerance
varies among plants and even among plant parts. It follows the genotype of the plant but is also
subject to acclimation.
Using the SketchUp program to design three dimensional (3D) landscapes is considered
novel (Jin and Chen, 2008). By use of computer software, several operations such as building
2

design and drawing can be implemented. Architectural work is easily performed with 3D
simulation software making it easy to modify and stylize various designs. Viewing in 3D helps
increase understanding of designer intentions. Sketchup is one of the 3D modeling software used
in landscape architecture (Hong and Chun-Xia 2013). Studies have shown positive results using
computer programs in academic learning and scientific aspects (Burgstahler, 2002; Fonseca et
al., 2014).
Callistemon has great potential as a landscape plant to re-plant public areas in severe
climates. Therefore, the objectives of this research are:
1. To determine the effects of water stress on Callistemon establishment and growth.
2. To identify the effects of temporary shade structures on plant growth in landscape
containers.
3. To determine effects of high temperatures on expression of reactive oxygen species,
chlorophyll, and carotien.
4. To determine the applicability of a 3D software program, SketchUp, in predicting effects
of structures on shading effects of landscape plants.
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LITERATURE REVIEW
Landscape importance
Landscaping is one of the most cost-effective solutions to promote and support quality of
life. It is an important element that composes our culture and plays a significant role in
environmental quality. It affects our health as well as economic well-being (Relf and Close,
2016). Landscaping plays a significant role in environmental protection and improvement. It is a
fundamental part of sustainable development as it conceals the presence of technology behind
natural bodies. The rapid increase in urbanization creates environmental issues. The field of
landscape architecture works to solve these issues (CPWD, 2013).
Growing plants, particularly ornamental species, is difficult under arid regions’
conditions. It is challenging to maintain good planting characteristics under dry conditions. In
arid regions, establishing landscape is an essential requirement quality of the life (Gupta et al.,
2012). Plant selection based on water and site requirements, appropriate planting strategies, and
scientific-based management are essential for success (Cheng et al., 2000). Public gardens
increase the value of real estate (Hui et al., 2012). In addition, many studies have shown the role
of green spaces in improving residential and commercial environments (Gupta et al., 2012;
Konijnendijk, 2001). Plants play a significant role in cities and human health. In addition to
affecting the concentration of air pollutants we breathe, they modify air temperature, reduce our
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exposure to ultraviolet radiation, and have other positive effects such as carbon dioxide and wind
reductions (Nowak and Heisler, 2010).
In the Mediterranean region, it has been reported Callistemon is increasingly used as a
flowering shrub in landscapes although its flowering may be altered under long term water
deficit (Alvarez and Sanchez- Blanco, 2013). Callistemon is one of the most important
ornamental shrubs for Mediterranean climates. This Australian genus of Myrtaceae includes
more than 30 evergreen species that display amazing ornamental characteristics (Mitchem,
1993). Callistemon has desirable features such as rapid growth and plentful flowers with unique
shapes and colors. The genus has varied forms and sizes not to mention adaptation to
Mediterranean conditions such as tolerance to drought (Lippi et al., 2005).
Due to their cylindrical brush-shaped flowers, the species are commonly called
bottlebrush (Abdelhady et al., 2012). This genus is not only spread throughout Australia, South
America, and tropical Asia but also widely distributed and used in gardening and landscaping
across the world. Callistemon has high adaptability to high temperatures, drought, and wind
(Militello et al., 2018). This species is characterized with attractive foliage and papery bark. The
leaves are very aromatic, linear, and alternately arranged (0.5 cm wide) and (4-7 cm long).
Flowers have bright red stamens and are carried in 4-15 cm long, spikes. Petals are green and
tiny (Oyedeji et al., 2009). Of the genus Callistemon, C. citrinus (commonly known as crimson
or lemon bottlebrush) is the most widely cultivated member. This woody aromatic plant is grown
as a shrub or a small tree (5 to 7m) tall. It is noted for its bright red flowers that attract a wide
range of pollinators due to their high nectar content. Different species have found use in
ornamental horticulture, essential oils production, forestry, deteriorated- land restoration,
windbreak plantings and for environmental management as a bioindicator in China. In medicine,
7

it has been used as a pain reliever. Extracts from Callistemon have been used for a weed control.
Due to their decorative flowers, the genus has most often been grown for decorative purposes as
a street trees and ornamental plants (Aweke and Yeshanew, 2016; Raj et al., 2010).

Drought
Plants are continuously confronting varied environmental changes that require one or
both of fast transition and periodical response. They can grow under a wide range of natural
environments via adapting to extant conditions. This adaptation is a fundamental natural
mechanism due to a plant’s inability to escape undesirable conditions (Alkurdi and Supuka,
2016). Stress in plants can be caused by different abiotic factors including drought, temperature
alteration, and light intensity (Apel and Hirt, 2004). Plants responds to stress by exhibiting
various physiologic, morphologic, and biochemical reaction. Those reactions impact plant
growth negatively (Hailemichael, 2015).
Water is the most urgent element of life and daily activities and life would not exist
without it (Chaplin, 2001). It covers nearly 3/4 of the earth. It is used mainly in three sectors;
10% urban use, 20% industry, 70% for agriculture. The rates differ to be about half for the
industry in developed countries and more than two thirds for agriculture in developing counties
(Wild et al., 2007). The world faces a crucial problem in the continuous decrease of accessible
fresh water. The problem is more crucial in countries which rely on agriculture and industry. In
general, up to two-thirds of world water use is for agriculture (Misra, 2013).

8

In agriculture, the total water consumed for irrigation is up to 70% of the total amount of
water used worldwide (FAO, 2017). Since horticultural crops embody about 35% of the total
crop value in the USA (USDA, 2009), researches have been assessing water use to improve
drought tolerance in horticultural crops. Plant growth in the field is negatively affected by the
deficiency of water. Plant growth status is influenced chemically, physiologically, and
morphologically (Wu et al., 2008). Plant first response to water stress is by regulation of stomata,
osmotic adjustment, and anti-oxidant protection. Long term exposure to water stress could delay
plant growth, alter the morphological appearance and biomass allocation, and probably death (Li
et al., 2017). Water stress has a significant and negative influence on several plant processes
including photosynthetic capacity. Long term water stress severely reduces plant productivity
(Osakabe et al., 2014).
Drought can be defined as an environmental factor that causes water stress or deficit in
the plants. The deficit begins internally with development of low water strain leading to
decreases in cell turgor to its minimum value (Kozlowski and Pallardy, 1997; Pinheiro et al.,
2005). Water stress is the most critical factor limiting crop production in agricultural systems in
arid and semi-arid regions (Khalili et al., 2014; Mollasadeghi et al., 2011). Due to climate
change, drought occurs coupled with warmer temperatures (Breshears et al., 2005). This
occurrence is more intense and prolonged than the normal rainless periods vegetation undergoes
annually in arid regions (Field, 2014).
One of the plant’s initial responses to lack of soil water is stomatal closing. This closing
reduces photosynthesis activity rate and CO2 availability in the plant leaf mesophyll layer
(Chaves, 1991). Water stress changed plant water relations, gas exchange and growth rate in
9

Callistemon when grown under 60% container capacity (Alvarez et al., 2011). De Lucia (2009)
obtaine results growing two Australian ornamental shrubs (Eremophila glabra and Eremophila
nivea) in pots under three water regimes (100%, 50%, and 0%). E. glabra was recommended to
use in landscapes and xeriscapes due to its water stress tolerance. Almond (Prunus amygdalus
Batsch) can tolerate drought stress well during all stages of fruit growth. Nevertheless, severe
water stress together with high temperatures during summer can seriously reduce hull split and
consequently promote the occurrence of hull-tight nuts (Palasciano et al., 2014).
Water use strategies and water stress resistance are survival strategies for plants in the
Central Monte desert in Argentina where the mean temperature is between 13 and 18 °C, and
there is a water deficit most of the year. Villagra et al. (2011) analyzed plant adaptations to water
stress and the water use strategies of the dominant life forms in the Central Monte include
species with different levels of xerophytism. Their adaptations range from exploitation of deepwater reservoirs with extensive root systems to a wide variety of physiological, morphological
and architectural strategies to tolerate drought and salinity.
Reducing water requirements by using efficient irrigation systems, proper use of droughttolerant plants where appropriate, and water conservation in initial landscape design is required
to accomplish a significant reduction in water use (Knox, 2005). The rapid change in
conductance rate and slower response in leaf water potential of African rue (Peganum harmala)
under water stress indicates stomatal control is an essential component of a seedling response to
water deficit. The success of this plant is due in part to the ability of seedlings to tolerate and
recover from this stress (Abbott et al., 2008). Drought has been overcome by different species of
perennial ornamental plants in the landscape in different ways. When six herbaceous plants were
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planted in a pot-in-pot system under three different irrigation conditions to evaluate their drought
tolerance, the plant exhibited different mechanisms to resist drought. Decreasing shoot: root
ratio, decreasing stomatal conductance, dying back, and regrowth, when water was available,
were some of the mechanisms (Zollinger et al., 2006).
Low dry mass and water-use efficiency (WUE) at 40 and 20% field capacity (FC)
suggested that the seedlings did not produce significant biomass under prolonged severe water
deficit. Therefore, before introducing Bauhinia faberi var. microphylla in vegetation restoration
efforts, a water supply above 40% FC is recommended for seedlings to maintain growth (Li et
al., 2008). Plant resistance to drought and heat are important in ecophysiology. They can be
measured through different methods. WUE is considered a key parameter to plant resistance.
WUE can be calculated as water molecules transpired to assimilate one molecule of CO2 during
the photosynthesis process (Breckle and Küppers, 2007). WUE increases when plants reduce
their transpiration rate due to reduced stomatal aperture under short term conditions of water
stress. Under long term water shortage, plants tend to generate leaves with reduced stomatal
conductance (Doheny-Adams et al., 2012).

Mulch
Mulching is a technique practiced in urban greenspaces all over the world. The term
mulch was most likely derived from the German word (molsch) that means soft to decay. It
originally referred to leaves and straw spread over surfaces as mulch by gardeners (Jacks et al.,
1955). Different organic materials including (composted material, shredded wood, and pine
barks) are commonly used. Use of organic materials resulted in advantageous effects on soil
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properties (Ferrini et al., 2008). Selecting an ornamental plant morphologically and
physiologically adapted to a specific landscape condition is vitality important (Franco et al.,
2006). Landscape mulching is widely used to improve landscape plant growth characteristics. It
is considered an important element in a sustainable landscape system. Reducing chemicals,
modifying soil moisture, and improving soil nutrition are some advantages mulches provide for
sustainability (Cregg and Schutzki, 2009). Constant increased demand for water caused by over
population has pushed researchers to investigate new agricultural practices and methods which
require less water. In arid and semi-arid regions, where water is limited, techniques to conserve
and reduce agricultural water use have been investigated. Among the different practices and
methods, mulch has arisen as the most useful, inexpensive and available technique to address
water stress. Mulch is considered a sustainable practice by which water can be conserved and
other benefits are obtained as well (McMillen, 2013). Organic and inorganic materials can be
used as mulch.
Mulch (especially organic) is key for landscape maintenance and keeping a healthy site.
Water use, and high temperatures are the conditions of greatest concern in arid and semi-arid
regions. Mulch is the choice of nature to address many issues related to stress conditions (Kuhns,
2016). Mulch protects soil from heat, runoff, erosion, and evaporation. It reduces compaction of
soil even with a thin layer. Coarse organic mulch can moderate extreme temperatures and reserve
soil water to be used by plants later. It protects the plant’s roots under stress conditions (ChalkerScott, 2007). In an experiment to investigate the ability of different types of landscape surface
mulch to moderate the air and soil environment in a desert climate, one inorganic (screened
decomposed granite) and two organic mulches (composted ponderosa pine residue and noncomposted shredded landscape tree trimmings) were compared to soil without mulch. The two
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organic mulches were better at reducing soil temperature and water evaporation than inorganic
mulch or soil without mulch (Singer and Martin, 2008).Mulch has increasingly been used in
urban landscapes to improve building or landscape appearances as well as reduce landscape
maintenance. Because of habitat disturbance and construction work, a natural decomposing
process of fallen leaves, which naturally occurs in forests, is absent in urban areas. Therefore, a
substitute process represented in mulching is recommended (Herms, 2001). Various ecological
functions including water saving, temperature modifying, compacting and erosion-preventing,
herbicides applications avoiding, and landscape maintaining can be achieved from mulching
(Jordan, 2004). The advantages of applying mulch to the soil surface depend on the type of
mulch and its quantity and structure (Kumar et al., 2014).
Research has shown the advantages of mulching in conserving water and enhancing plant
growth. Water conservation can be achieved by retaining soil moisture thus reducing irrigation
frequency. Water conserved can benefit plants under water stress conditions. Another advantage
includes reduced fluctuations in soil environment temperature even during the dry season.
Averages of increase and decrease in minimum and maximum soil temperature can be up to 4° C
when mulch is used. With better soil moisture management, growth will be improved (Fern and
Yusof, 2018). In Xeriscapes, mulch is used to improve water conservation resulting in up to 60
% reduction of plant water use. Soil moisture was conserved when mulch was applied (singer
and Martin., 2006). Amount of water conserved ranged between 2.8-12.8% in mulched
treatments. With more water conserved and soil temperatures reduced, plant growth was
enhanced, and plant yield was improved (Kosterna, 2014; Kumar and Dey, 2012; Samaila et al.,
2011).
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When organic mulches are applied, soil microbial activities are activated, oxygen
availability at plant root zone is enhanced, and soil porosity increased. In addition, mulch
improved water infiltration, increased soil nutrition, and reduced water evaporation.
Furthermore, fertilizer leaching, soil compaction, weed growth, runoff and soil erosion were
reduced (Sing et al., 2011). Some plant diseases can also be prevented or reduced when mulch
used. Botrytis cinereal on wine grape plants was reduced by 97% when mulch was applied
understory compared to unmulched treatments (Jacometti et al., 2007).

Shade
Light is an important abiotic factor regulating plant growth. It controls several plant
processes such as photosynthesis and stomatal opening. Light is one of the factors in stomatal
response in balancing rates of CO2 absorbed and H2O lost (Huxman and Monson, 2003). Light
can be a stressful factor to plants. It has negative effects when intensity falls below optimal or
exceeds optimal levels (Allakhverdiev and Murata, 2004). Plant adaption, growth, and survival
are significantly regulated by light. In urban gardens and landscapes, which include a variety of
trees, shrubs, and grasses, there are often periods of non-optional shading imposed on the plants.
In modern cities, due to greening layers and increase in high-rise construction, many types of
plants are overshadowed (Zhang et al., 2016). Although plants rely on photosynthesis to grow,
the light level is critical. Plants can be damaged when exposed to excess light. Plant biological
molecules are unfavorably impacted by reactive oxygen intermediates produced under high light
and plant production is eventually reduced (Li et al., 2009; Osakabe et al., 2014).
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Light intensity varies spatially and temporally (diurnal and seasonally). To overcome
light variability, plants adaptation and flexibility are continuously developed (Zhang et al.,
2003). Most plant species can improve their physiologic, anatomic, biochemical, and
morphologic ability to cope with light variability (Gonçalves et al., 2005). Stomatal conductance,
photosynthesis process, and transpiration rate, as well as biomass of stems, leaves, and roots, are
reduced under low light intensity (Mielke and Schaffer, 2010). In contrary, plant height increases
under low levels and chlorophyll pigments increase (Zervoudakis et al., 2012). Light quality
management can be achieved by using artificial light sources, colored plastic films, spectral
filters, and dyed mulch (Costa et al., 2010). It has been reported that some shade may be
favorable for high-quality production of some plants during the summer months (Gent, 2007).
While 100% of natural light caused photosynthesis inhibition, shading decreased this inhibition
by reducing the light saturation and compensation points, improving net photosynthetic rate and
increasing content of chlorophyll a and b. However, carotenoids and chlorophyll a/b ratio were
decreased under low light. Dry matter and soluble sugar accumulated in plant stems under 100%
intensity of natural light but accumulated in roots in plants under low light. Shaded plants were
found to possess a larger numbers of grana stacks, up to 100 thylakoids /granum, which may be
one reason for their increased efficiency compared to full sun plants (Boardman, 1977).
Shade positively influences the vegetative growth of many plant species (Stamps, 2009).
Shade effects are varied on both microclimate elements and plants. Within the microclimate,
shade affects radiation and light scattering, photoselectivity, temperature, air movement, and
relative humidity. Regardless the color, shadecloths can reduce radiation arriving to the plants
underneath. Reducing radiation affects temperatures and relative humidity (Stamps, 1994).
Shade can be used to manipulate radiation spectra that reach plants. Specific light amount and
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wavelength can be obtained using colored shade nets. When shadecloths are spread over plants,
they moderate high temperature and reduce heat stress (Retamales et al., 2008). Air movement is
also influenced by shadecloths. Wind, and wind speed can be reduced when shadecloths are
used. Relative humidity is usually higher under shadecloths due to the isolation of water vapors
from drier air outside the shaded area (Elad et al., 2007). Different types of plants have shown
various responses to shading. Blueberry plant vegetative growth parameters were increased
under black shadecloths, while other colors including gray, red, and white had less or no effect.
Photosynthetically active radiation (PAR) was reduce by about 50% under black shade color
whereas only about 30% under other colors used. (Retamales et al., 2008). In cast iron plant, on
the other hand, fresh harvested leaf weight was higher under black shadecloth than under colors
tested (Stamps, 2008). Orchid plants showed enhanced and consistent foliage production under
blue colored shadecloth compared to black and red (Leite et al., 2008). Flowers, branch number
and compactness of the plant were increased due to a changed light spectrum (Nissim-Levi et al.,
2008). The efficiency of radiation use, yield, and flowering have been positively affected when
shadecloth was used (Günter et al., 2008).
Research showed that parameters such as chlorophyll a/ b ratio was either increased or
not affected during light/ shade adaptation. Hence, the common application that low Chl a/b ratio
indicates a shade tolerant plant was contradicted (Maina and Wang, 2015). Plants coordinate
their growth and development based on radiation quality of the surrounding environment. These
light qualities are mainly perceived via two types of photoreceptors, phytochromes and
cryptochromes, by which growth and development are regulated according to prevailing
radiation (Khattak et al., 2011).
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Temperature
Urban landscapes and their microclimates modified environments. Thermal, radiation,
and moisture are some microclimate properties affected (Gartland, 2008). Temperature is a
crucial factor for plant survival. Global temperatures are predicted to increase 1.5-5.8 °C by
2100 due to global climate change. This constant increase is a threat to agricultural production
(Rosenzweig et al., 2001). Moreover, natural landscapes have been converted to cultured
landscapes, especially in cities, due to absorptive materials, human-made surfaces and the use of
different materials such as asphalt, concrete, and others. This conversion contributes to
microclimate temperatures many degrees higher than the surrounding areas (Thani et al., 2013).
High temperatures are seriously limiting for plant growth and development (Hemantaranjan et
al., 2014) decreasing plant yield and quality (Yan et al., 2013).
Plant growth and development can be adversely affected under heat stress due to
morphological, physiological, biochemical and anatomical changes (Wahid et al., 2007).
Physiologically, photosynthesis is considered the most fundamental, sensitive and susceptible,
process for plant life (Allakhverdiev and Murata, 2004; Zhang, 2014). Heat stress is referred to a
temperature rise beyond a tolerance threshold for a period of time enough to cause irreversible
damage to plant growth and development (Wahid et al., 2007). The heat threshold varies with
plant developmental stage (Hemantaranjan et al., 2014). Heat stress affects plant physiological
and developmental processes including photosynthesis. In photosynthesis, several sequences of
oxidative and reductive reactions function to produce useable energy, in the form of sugar, from
light energy. Any obstruction in this process is destructive to plant life. Photosynthesis is highly
susceptible to temperature rises (Xu et al., 2010). Increases in temperature can be easily
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predicted as a consequence of climate change. Eventually, evapotranspiration will be increased
concomitantly. Therefore, abnormal and repeated heat and drought events are expected (Stocker
et al., 2013).
Plants have developed signal transduction and perception mechanisms to constantly
monitor appropriate responses to variable environmental conditions (Hirayama and Shinozaki,
2010; Wrzaczek et al., 2011). Most crops are highly heat-sensitive and temperature above the
optimum reduces plant production (Singh et al., 2007). A 10-15 °C increase in temperature
above optimum for a species is considered heat stress (Dhir et al., 2013). Heat stress often starts
on the cellular level to cause disarrangement and may lead to plant cell death. Various damage in
chloroplasts such as protein denaturation, protein synthesis prohibition, membrane stability
reduction, and enzyme inactivation can occur. Plant growth is highly limited when temperature
increases (Bibi et al., 2008). Heat stress causes photosynthesis inhibition (Haldimann and Feller,
2005). Different plant species vary significantly in their photosynthetic response to high
temperatures (Reynolds et al., 1990). Chlorophyll concentration, Chl a: b ratio, and grana
quantity, were reduced with almost absent stroma thylakoids in tree fern under 42.2°C air
temperature (Doley, 1983). Plant growth, fresh and dry weight, chlorophyll a, carotenoids, Chl a:
Caro, Chl b: Caro, Chl: Caro, and pheophytins were reduced in geranium (Pelargonium
peltatum) plants when air temperature increased (Dhir 2008; 2011; 2013; Horton, 2018).
However, high temperature increased chlorophyll content in rice cultivars studied (Jumaa et al.,
2019). Heat stress affects plant cells causing damage to the plasma membrane permeability
(Barnabás et al., 2008). This damage caused by heat stress to cell membranes has been estimated
by measuring solute leakage in the plant tissues under field conditions (ElBasyoni et al., 2017).
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One significant threat heat stress may cause to a plant is the production of reactive
oxygen species (ROS) (Karuppanapandian et al., 2011). ROS are free and non- free radical
molecules (Sharma et al., 2012), they are key constituents of signaling pathways and are
considered the primary regulators of cell physiology and cellular responses of plants to
environmental changes (Bhattacharjee, 2012). The ROS including hydrogen peroxide (H2O2),
hydroxyl (HO ̄), superoxide (O ̄), peroxyl (ROO ̄), and nitric oxide (NO ̄) are generated from an
unpaired electron flowing from oxidation processes (Sampath et al., 2016). H2O2 is considered
the most important non-radical ROS that is relatively stable. It is mainly produced in
photosynthesis and photorespiration processes. Due to its stability, it plays a critical role as a
signaling molecule during many physiological processes. Its levels increase, especially in the leaf
veins, when plants are exposed to stressful environmental conditions (Slesak et al., 2007).
Usually, ROS, including H2O2, represent byproducts of several metabolic pathways and are
continuously synthesized in various cellular compartments in the plant (Foyer 1997; Sofo et al.,
2015).
O2 is a natural byproduct of photosynthesis (Taiz and Zeiger, 2006). Electron
transportation flowing through photosystems PSI and PSII during photosynthesis can be affected
by high-temperature stress conditions (Horton 2018). However, scavenging processes by
antioxidant defense systems occur against ROS (Alscher et al., 1997). Accumulation of ROS
causes oxidative stress and damage to proteins, DNA, and lipids (Gill and Tuteja, 2010). When
ROS generation levels exceed the cell antioxidant defense system, the former will attack cellular
macromolecules causing degenerative diseases (Sampath et al., 2016). Hence, a constant
equilibrium between ROS and the scavenging process must be maintained (Apel and Hirt, 2004).
ROS accumulation leads to morphological damage in stressed plants. Some morphological
19

damage may include shoot scorching, abscission of leaves and flowers, fruit discoloration, and
compromised aesthetic qualities of ornamental plants (Horton 2018).

SketchUp software
In the second half of the 20th century, the world has entered the information age. Digital
and information-based methods have been used in various fields including. architectural design.
In this aspect, computer-aided design (CAD) has been recognized. Architectural design patterns
have essentially changed with use of CAD. Modern patterns are fundamentally different from
traditional ones. The computer is now used for modeling digital architecture patterns.
Architecture design can be directly formed into 3D views with less energy used for space
conversions (Xiao, 2009). With deep infiltrated information technology, architectural design is
entering the digital design era with no use of paper required. (Hong and Chun-Xia, 2013).
Sketch Up (Trimble Inc., Sunnyvale, CA) is a 3D software computer program. It has been
issued in many versions. The basic version is available for various computer systems and can be
accessed on the website http://sketchup.com. It is a robust, developer, and user-friendly CAD
program. The first version was released in 2006 as an online store of tens of thousands of shared
models of Google SketchUp (Fleron, 2009). With this program, a 3D- world can be designed and
built in a short time period. Various science principals can be taught with this program. A useful
and unique feature of this program for landscape planting is the shadow view. Shadow direction
and length can be easily shown for an object designed at any time selected. Sun direction and
angle can be explored during the year to investigate the effects of those changes at specific time
20

periods (Siegle, 2007). Researchers used SketchUp to calculate the impacts of solar radiation on
building roofs. The study used SketchUp to generate shading masks and measure solar exposure
on facades. The program also illustrated the impacts of terrains on roofs and surfaces (Bassett,
2012).
It is a flexible, powerful, and reliable program that provides long term technological
influence in the geometry teaching process. It is software that provides, for the first time, tools
with the ability to create, form, move, and modify and analyze 3D objects of unlimited varieties.
It is the software by which users can interact with a rich geometrical world (Fleron, 2009). A
large number of architectural design software (such as AutoCAD and 3dsmax) were used before
SketchUp. Most of that software was not able to adapt to the architect's work habits. SketchUp
has a concise user interface, which makes it operate smoothly with powerful function.
Importantly, it adjusts to an architect's work habits. Beginner users with a few commonly used
commands can easily become familiar and able to use it for designing. Convenient multi-angle
forms can be generated with SketchUp. The program was developed for designing processes.
(Hong and Chun-Xia, 2013).
Although architectural works and planning was the main purpose of 3D Sketch Up, the
program function has been extended for various uses. The program is engaged with fields such as
landscape designing, factory planning, and building patterns. The program has played an
important role in energy systems provided to buildings. Models proposed were analyzed by
Sketch Up to be manipulated and approved (Schreyer and Hoque, 2009). The 3D software was
effectively used in architectural design. where functional ratio and quality were attained and use
generalization was valuable (Xiu-gui, 2008). SketchUp is one 3D modeling software used in the
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landscape architect field. It is very workable architectural functional 3D design software allows
architectural designs to be clearly displayed (Hong and Chun-Xia, 2013). SketchUp was the most
effective and reliable 3D tool to design private estates. Instead of using a sand table and 2D map
to design and realize realistic estates, the modeling software easily displayed 3D imaging of the
sites. Reduced cost and high efficiency were achieved as a result of using the 3D program (Wanbin, 2010).
SketchUp has been increasingly used in engineering and is considered the most used
among various computer programs. Spatial ability has been used in scientific areas such as
architecture and engineering. Currently, spatial ability is used in various applications such as
redecoration of furniture, reorganizing belongings, and changing situations (Yildiz, 2009).
Research manifesting spatial visualization, as a dimension of spatial ability, plays a role in some
teaching areas. Spatial ability has been described as the skill to envision and view the motion of
an object and manipulate it. Visualizing problems by drawing and describing them provides
more information to clearly show relationships among forms. Recent research confirmed this
ability could be enhanced using SketchUp (Kurtulus and Uygan, 2010).
A positive correlation was identified between spatial ability and accomplishments in
math when the 3D dynamic has been used. Students of a primary school exhibited positive
results when tested after using 3D dynamic models despite their different social backgrounds
(Idris, 2005). Researchers demonstrated computer 3D software can be successfully applied to
various experiments. A computer web-based program was implemented to improve student skills
in elementary school students. The software was used for eight weeks to assist participants in
many activities. It was shown the 3D software program enhanced the teaching ability of teachers.
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The elementary school students using 3D dynamic models obtained advanced levels of spatial
ability compared to the control group (Rafi et al., 2008). The software functions also improved
teachers’ skills at the end of the experiment period (Güven and Kösa, 2008). SketchUp was used
as a part of an integrated approach for a cost-effective project for 3D models of the Southern
Illinois University Edwardsville. The models provided better understanding and realistic views
of the campus helping visitors and students (Nellutla, 2014).
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EFFECT OF WATER STRESS ON MORPHO-PHYSIOLOGICAL TRAITS IN
CALLISTEMON
Abstract
In arid and semiarid areas, Callistemon (bottlebrush) has potential for use in gardens and
landscapes. In addition to unique morphological characteristics, such as the flower, Callistemon
is tolerant of stressful environments and has potential for replanting public areas in Iraq and
other Mediterranean climates. The aim of this study was to evaluate the landscape performance
of Callistemon citrinus under water stress conditions common in Mediterranean environments.
The introduction of a species to a new environment is only successful when stress conditions can
be overcome. Plants were grown in a high tunnel under 100, 50 or 30% field capacity conditions
with or without 2.5cm shredded hardwood mulch. Soil moisture and soil and air temperature
were monitored with data loggers recording data every 30 minutes for the duration of the study.
A drip system was used for irrigation. Irrigation was applied daily as needed to bring plots up to
treatment field capacity. Canopy temperature, water use efficiency, and root to shoot ratio
increased when available water decreased. However, decreased available water decreased leaf
greenness, chlorophyll a, shoot volume, root volume, leaf water potential, and transpiration rate.
Mulch treatments increased root volume and leaf water potential compared to the unmulched
treatments.
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Introduction
In landscape design and management, selecting and siting a plant is one of the most
important steps. Considerable maintenance requirements can be minimized with the right plant
put in the right place. It embodies the art and science of landscape design (Denny and Hansen,
2016). A key element of a well-designed landscape is woody ornamental plants. They indicate
landscape planting areas, increase physiological and aesthetics, and improve the economic and
environmental values of a property. Therefore, with the high value of woody plants, care needs
to be taken with plant selection in landscapes (Maleike, 2012).
Water is the most limiting factor in agriculture and plant productivity. It is directly or
indirectly involved in all plant physiological processes. (Zhang et al., 2018). It is a definite
requirement for plant cell function. Water deficit has been described as the main environmental
element limiting vegetation and plant life (Chowdhury et al., 2017). Drought causes water
shortage of plant leaf tissues impacting several physiological operations including the
photosynthesis (Flexas and Medrano 2002a, 2002b; Morales et al., 2008). The problem of
drought stress typically increases in summer when temperate and light levels increase
(Hailemichael, 2015).
Callistemon is an ornamental Australian plant adaptable to Mediterranean environmental
conditions. It is the most important plant genus in Mediterranean area landscapes. Belonging to
the Myrtaceae, it is one of the most successful flowering shrubs used in urban landscapes.
Among this genus, the species citrinus is characterized as environmentally tolerant and is widely
used in Europe (Vernieri et al., 2006). Although it is an Australian native plant, it has been
widespread across the world including areas such as South America and Asia. The genus is
36

widely used in Mediterranean areas due to its ability to tolerate conditions including drought
(Álvarez and Sánchez-Blanco, 2014). It is a flowering shrub, or small tree reaching 7.5 m tall. Its
common name, bottlebrush, is derived from its brush-shaped flowers which look like bottle
cleaning brushes. They are borne and cylindrically arranged on the branch-ends (Shrestha et al.,
2015).
Recent research reported woody species’ mortality due to drought from worldwide
locations (Allen et al., 2010). Under varied environmental stresses, drought is the limiting factor
restricting plant productivity (Khalili et al., 2014). Drought is a restrictive phenomenon
occurring periodically and increasingly in areas around the world due to global warming (IPCC,
2007). The occurrence of drought can have a severe impact on vegetation (Khosravi et al., 2017).
Drought impacts plant existence in natural ecosystems as well as causing crop yield reduction
(DeMicco and Aronne, 2012). Long term water stress conditions may change plant
morphological and physiological characteristics (Álvarez and Sánchez-Blanco, 2013). Plant
drought-adaptive strategies rely on both time and structural characteristics and are mainly linked
with minimizing water lost in dry periods. The strategies are also associated with maximizing
water absorbed and stored, and mechanical tissue reinforcing to avoid wilting that may cause
permanent cell damage and degradation (DeMicco and Aronne, 2012).
Stomata are considered the most important exchange apparatus in plants. They are
strongly linked to biological processes including photosynthesis and transpiration. With this biogate, plants can control their temperature and water use efficiency. Stomata vary in their density
and size among plant species and cultivars. Environmental conditions can highly affect stomatal
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characteristics. Rate of transpiration can be reduced under water stress conditions when plants
close their stomata to minimize water loss (Li et al., 2017).
Water use efficiency (WUE) can be used to estimate plant productivity and to plan for
water use in arid and semi-arid regions (Zhang et al., 2018). WUE is considered an important
issue in areas where large amounts of water are used for crop production especially in semi-arid
areas. Therefore, for environment conservation and food production, WUE must be improved.
Improving WUE is an absolute requirement with a predicted increase in temperatures with global
climate change. To address this issue, increasing plant WUE is considered the main aim towards
securing agriculture and food production (Medrano et al., 2015). WUE expresses as plant
molecular mechanisms to reduce resource consumption to adapt to different conditions (Osakabe
et al., 2014). Plants may alter stomatal characteristics to increase WUE under water deficit.
Reducing stomatal aperture size or producing new leaves with low stomatal density and/ or size
are mechanisms likely employed by plants under drought conditions (Franks et al., 2015).
Plant response to favorable conditions is not always desired. Environmental factors that
improve the growth of plants such as favorable weather and irrigation can reduce root: shoot
ratio. Most plants have an ability to increase this ratio under unsuitable conditions. With this
ability, plants can adapt to non-radical changeable conditions (Harris, 1992). Plants have
adjustability to produce a particular root: shoot ratio. According to functional equilibrium and
optimal partitioning theories, this ratio could be altered to equalize resources that limit growth
(Shipley and Meziane, 2002). Callistemon plants have a strong ability to increase their root:
shoot ratio when under water stress conditions (Toscano et al., 2014).
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Water content can be determined using leaf water potential mean is relatively measured
to indicate the physiological status of water in plants. Drought tolerance mechanisms can be
classified during this measure by understanding the effect of drought on leaf water relations
(Omae et al., 2007). It is effective in quantifying plant responses to water stress and can be used
to improve plant drought tolerance (Nayyar et al., 2005). According to a measure of relative
water content, consequent water deficit can be predicted (Jones, 2007). Managing plant water
status (including WUE and irrigation) is one of the challenges growers encounter. To determine
plant water content, a gravimetric process can be used. Another measurement used to measure
plant water status is leaf water potential. Leaf water potential (LWP) measurement expresses
osmotic potentials and cell turgor which can be adjusted and maintained to manage leaf water
(Ocampo and Robles, 2000). It is correlated to the continuum of water in soil-plant-atmosphere
(Hailemichael, 2015).
Increasing demand for agriculture, due to population explosion, has triggered researchers
to examine new agricultural methods to reduce agricultural water use. Under water deficient
conditions, especially in arid and semi-arid regions, several methods have been investigated to
conserve water. Mulch is one with various benefits. This method is considered the most
beneficial, available, and inexpensive. Many advantages can be obtained by covering the ground
with layers of materials. Mulch materials can be organic or inorganic. Mulch is considered a
sustainable method to conserve water and moderate soil temperature (McMillen, 2013). Mulch is
widely used in landscapes to enhance plant growth and is a significant element for landscape
sustainability. It has various benefits including soil moisture modification, soil nutrient
improvement as well as reducing chemicals applications (Cregg and Schutzki, 2009).
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Mulch has been used to reduce water evaporation, mitigate soil temperature, increase soil
water infiltration, reduce soil erosion, enhance environmental advantages, and influence plant
production (Gan et al., 2013; Li et al., 2013). Many different materials (such as straw, plastic
films, and biodegradable films) have been used as mulch with varying species of plants. Organic
mulches are effective to modify soil temperature and conserve moisture (Samaila et al., 2011).
Use of straw mulching lead to better plant growth under high temperature than plastic mulching.
Mulch can greatly improve plant production especially in arid areas (Qin et al., 2015). Plant yield
and soil properties were positively affected (Li et al., 2013). Use of mulch can increase plant
yield and reduce soil respiration under different climatic changes (Yu et al., 2018). Mulch
increases WUE, nitrogen use efficiency (yield per unit N), and yield. Use of mulch results in
high plant yield and increased WUE in potato plants. Best results were obtained when mulch was
used with low water input (Li et al., 2018). Soil moisture can be maintained, and the soil
temperature is moderated when mulch is used (Kosterna, 2014). Soil porosity was enhanced, soil
microbial function improved, and oxygen increased at the root zone when mulch was applied.
Furthermore, water penetration improved, soil nutrition increased, and evaporation was reduced
under mulch. Moreover, mulch reduces soil compaction, fertilizer leaching, weed growth, and
soil erosion and runoff while improving plant growth and yield (Singh et al., 2011).
Mulch is a significant agronomic practice for water saving and improving soil properties.
It increasingly affects WUE and plant production particularly under limited water availability
(Chakraborty et al., 2008). It reduces soil evaporation and improves soil physical characteristics
(Fu et al., 2018). Mulch has been used to enhance efficiency of irrigation systems reducing
irrigation water use by 50% when a mulch-drip irrigation system was used (Zhang et al., 2003).
In addition to water conservation, this technique can improve plant production by moderating
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soil temperature, reducing soil water evaporation, and weed growth inhibition (Luo et al., 2013;
Zhang et al., 2017). Mulch, by enhancing soil properties, can increase plant production, quality
and quantity (Rannu et al., 2018), increase soil nutrition, and improve plant growth (Cregg and
Schutzki, 2009). Therefore, mulch has been highly recommended for ornamentals in landscapes
(Ni et al., 2016). The objectives of this study were to determine the effects of water and
temperature stress on Callistemon establishment and growth to achieve greater sustainability in
gardens and landscapes under Mediterranean conditions.

Materials and Methods
Plant materials, treatment, and conditions of growing
This experiment was conducted in a high tunnel at the Rodney Foil, Plant Sciences,
Research center at Mississippi State University. Thirty plants of Callistemon citrinus (one plant
per pot) in 1-gallon (30 cm tall) were transplanted to the soil bed.
Plants all were watered every day for two weeks to establish. After two weeks, plants
were randomly assigned to six treatments with five replications. Treatments were a factorial of
three levels of irrigation (FC) (Control: 100% water (field capacity) and two levels of water
deficit 50%, 30% field capacity) and two mulch treatments (2.5 cm of shredded hardwood mulch
or no mulch). A drip irrigation system was used to provide plants with the amount of water
needed. Each treatment was provided with a dedicated drip irrigation line to provide a specific
amount of water. Treatment water needs were continuously measured to maintain soil moisture
at the level required using soil moisture sensors (WaterScout SM100; Spectrum Technologies,
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Inc. Aurora, IL). Thermocouple temperature sensors (Spectrum Technologies, Inc. Aurora, IL)
were used to measure soil and air temperatures, and the light was measured using a quantum
radiometer (LightScout Quantum Light Sensor, 400-700nm; Spectrum Technologies, Inc.
Aurora, IL). Data loggers (WatchDog 1000 Series Micro Stations; Spectrum Technologies Inc.,
Aurora, IL) were used to record data every 30 minutes.

Data collection and statistics
The experiment was designed in a split-plot design, with water level being the main plot
and mulch treatment the subplot. There were six treatments in this experiment with five
replications. Each experimental unit consisted of one plant. At the end of this experiment, data
were collected to determine the least level of water which can be used in the landscape for
Callistemon to establish under high temperature situations.
Morphological parameters including: shoot volume (ShV), root volume (RV), root to
shoot ratio (R:Sh ratio) and physiological parameters including: canopy temperature (CT), leaf
greenness (SPAD; SPAD 502 Plus Chlorophyll Meter; Konica Minolta, Tokyo, Japan),
chlorophyll a and b (Chl a, Chl b respectively), cell membrane thermostability (CMT), leaf water
potential (LWP), net photosynthetic rate (Pn), stomatal conductance (SC), transpiration rate (Tr),
water use efficiency (WUE), internal to external CO2 ratio (Ci/Ca), quantum efficiency
(Fv'/Fm'), and electron transportation rate (ETR) were measured. Data were subjected to analysis
of variance (ANOVA) and means tested at 95% confidence level. Significant differences of
means were indicated using LS-means seperation test at P=0.05 (Proc GLM), (SAS 9.4, SAS
Institute, Cary, NC).
42

Shoot volume, root volume, and root: shoot ratio
At the end of the experiment, shoot volume (ShV) was calculated using average plant
width measured at the widest point (w1) and 90° from the first measurement (w2) and plant
height (h). The total volume was calculated using the formula following:
ShV (cm3) = 3.147× [((w1+w2)/2)/2]2 × h

(3.1)

Root volume was measured for the same plant. Plants of each treatment were dug, and
roots washed. A depth (d) and two widths were measured and calculated using the same method
as for shoot volume.
RV (cm3) = 3.147× [((w1+w2)/2)/2]2 × d

(3.2)

Root: shoot ratio was calculated after root and shoot systems of each plant were detached
from each other. Roots were cleaned and washed to clean all soil. Roots then were blotted to
remove any surface moisture. Both roots and shoots were dried in an oven at 80 °C for 48h.
Afterward, the plant tissues were cooled under dry conditions to room temperature then weighed
and weight recorded. The ratio of root to shoot was calculated using the formula: root: shoot
ratio = (root dry weight/shoot dry weight).

Canopy temperature
Canopy temperature was measured using a handheld infra-red thermometer (Extech
Instrument 42510A, Laser IR Thermometer Mini Wide Temp 1000F / 538C Spectrum
Technologies Inc. Aurora, IL). Measurements were taken on a sunny day at noon when plant
water stress was at maximum. The average of three readings was recorded for each plant.
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Leaf greenness and chlorophyll pigments
Estimating leaf greenness is used to measure plant stress under drought stress conditions.
This measurement can be taken in an easy and non-destructive way using a SPAD meter (SoilPlant Analysis Development), (SPAD 502 Plus Chlorophyll Meter; Konica Minolta, Tokyo,
Japan). By this technique, association of leaf greenness with drought tolerance can be screened
(Abdipour et al., 2013). An average of three readings was calculated for each plant. About the
middle of the leaf, the SPAD meter was clamped over the leaf lamina of a fully developed leaf
(Al-Ghzawi et al., 2018). To measure actual chlorophyll content, four recent mature leaves were
harvested from each plant and four discs 48 mm2 dia. were collected from each. Discs were cut
into small pieces to ease extraction process. Discs from each treatment were then placed in vials
filled with 10 ml, 80% acetone. The vials were put in a refrigerator for at least 15h for pigment
extraction completion. Pigment concentration of Chl a and Chl b were measured at 663 and 645
nm wavelengths by spectrophotometer (Nicolet Evolution 100 UV-Visible; Thermo Fisher
Scientific Inc., Waltham, MA). A control blank of 10 ml of 80% acetone without leaf tissue was
used. To calculate the concentrations of pigments, the following equations were used:
Chl a =12.7 A663nm – 2.69 A645nm (Hill, 1963)

(3.3)

Chl b =22.9 A645nm – 4.80 A663nm (Hill, 1963)

(3.4)

Where A = absorbance.
Pigment concentrations were recorded in μg·ml-1. Pigment concentrations were expressed
on a leaf area basis (μg·cm-2) by using the conversion factor:
Chlorophyll concentration (μg·cm-2) = (Chlorophyll concentration (μg·ml-1) x10)/1.925
where10 is the volume of acetone (ml) used for a sample and 1.925 is the total area (cm2) of
four-leaf disks for one sample.
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Cell membrane thermostability
Cell membrane thermostability (CMT) was measured following the procedure described
by Martineau et al. (1979), and by Chauhan and Senboku (1996). Two sets of 5 fully developed
leaves from the top part of each plant were collected. Leaves were thoroughly washed. A 0.5 cm
cork-borer was used to make one punch through each stack of five leaves. Two sets of 15 tubes
(15 ml conical centrifuge tubes, Thermo Fisher Scientific. Rochester, NY) were rinsed with
deionized water. One stack of five leaf discs were used for the 50 °C treatment with the other
five leaf discs from the same plant were used as the control. Each set of five leaf discs were
washed with deionized water to rid them of potential exogenous electrolytes acquired during
sample preparation. Discs were then put in the 15 ml tubes with 10 ml deionized water and
covered. One set (15 tubes, one from each plant) was put in a water bath at 50°C for 20 minutes
and labeled as T set. The remaining tubes were kept at room temperature and labeled as C set
(control). After the 20-minute treatment, the T set tubes were kept under room temperature to
cool for one hour. After cooling, all tube sets were kept in the refrigerator (5°C) for 18 hours.
Next, both sets were held at room temperature (20°C) for 20 minutes. Initial electrical
conductivity (EC) was measured using an electroconductivity meter (YSI model 35,
Conductance meter. Yellow Springs Instrument Co., Inc., Yellow Springs, Ohio) to obtain
readings as TEC 1 and CEC1 (EC for treatment and control) respectively. Each sample was
mixed using a vortex mixer for 30 sec. just before taking the readings. After this, both sets were
covered and autoclaved at 121°C for 15 min to allow all cells to release all their electrolytes. All
the tubes were cooled to room temperature, and final EC readings were taken after mixing with
the vortex mixer. Final readings were labeled as TEC2 and CEC2 for all sets. The CMT% was
calculated as follows: [ 1-(TEC1/TEC2)]/ [1-(CEC1/CEC2)] x100.
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Leaf water potential
The Scholander PWSC (Plant Water Status Console, Model 3000, also known as the
pressure bomb) was used to measure leaf water potential. A sharp blade was used to carefully cut
a fully developed leaf from the uppermost part of the plants in each treatment. The leaves were
directly placed in a plastic bag and put in a cooler box and taken to the lab. The cut leaves were
carefully set in the pressure chamber of the instrument. Pressure was put to the leaf until xylem
sap appeared at the cut end of the leaf. A magnifying glass was used to monitor the sap exiting.
At this point, the applied pressure was stopped, and the gauge reading was noted and recorded
(Scholander et al., 1965).
Transpiration rate and water use efficiency
Transpiration rate (Tr) and water use efficiency (WUE) as well as Pn, SC, Ci/Ca, Fv'/Fm',
and ETR were measured by an open gas exchange system (LI-6400; LI-COR, Inc., Lincoln, NB).
From the upper part of plant canopy, fully expanded leaves were measured from each treatment.
Readings were taken between 10:00 and 12:00 HR (Medrano et al., 2015).

Results and discussion
All studied parameters, except (RV), showed no change to the interaction of mulch and
FC. There were also no effects observed for either mulch or FC or their interaction on Chl b,
CMT, Pn, SC, Ci/Ca, Fv'/Fm', or ETR. Plants showed no change in these parameters under either
mulch or different FC.
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Shoot volume (ShV)
FC resulted in changes in ShV. Callistemon plants produced larger ShV under higher FC.
Plant ShV was greatest under the 100% FC treatment. Plant ShV decreased under water stress
conditions. The smallest ShV were under the 30% water treatment (Table 3.1). A lack of water
reduces plant growth and production and may affect overall plant quality (Vernieri et al., 2006).

Root volume (RV)
There were interactive effects of FC and mulch on RV. The greatest RV was under 100%
FC unmulched while the lowest value was obtained under 30% FC unmulched (Fig. 3.1). At 30%
FC, RV was increased when mulch was supplied but was not affected at 50% or 100% FC. The
mulch improved the plant root system at low FC. Mulch reduced soil water evaporation which
resulted in more available water for the plants (Singer and Martin, 2008) and the ability of plants
to adjust to water stress. Mulch improved water infiltration and increased capacity of water
retention (Rannu et al., 2018).
By increasing soil moisture, mulch improved the soil environment and provide better
absorption of nutrients (Downer, 2009). This result was identical to Chakraborty et al. (2008)
and Pandey et al. (2016). By buffering the soil surface, mulch can protect soil moisture and
temperature against fluctuation. In addition, mulch provides more carbon for soil organisms
which all lead to improving roots (Cai et al., 2015). This result agrees with Kader et al. (2017),
Maurya and Lal (1981), and Yingyu et al. (2009). Plant growth is affected by water reduction
(Vernieri et al., 2006).
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Root to shoot ratio (R:Sh)
Changes in FC caused changes in R:Sh ratio. When the available water was reduced,
R:Sh ratio was increased. Less water (30%) resulted in a higher ratio of R:Sh (Table 3.1). This
agrees with Álvarez et al. (2018). R:Sh ratio was significantly affected by reduced water. Plant
growth activities and energy production processes are altered to the root from the shoot as water
becomes limited (Gargallo-Garriga et al., 2014).

Canopy temperature (CT)
CT is considered a parameter strongly related to plant adaptation to drought. It depends
on the amount of water transpired by plant leaves. This is an interactive measurement depending
on a range of mechanisms starting from water absorption at the root and ending with
transpiration controlled by stomata (Al-Ghzawi et al., 2018). In this study, reduced water levels
resulted in higher CT in the plants. CT decreased as water level went from 50% to 100% (Table
3.1). Under drought stress conditions, transpiration efficiency in cooling plant leaves can be
indicated by CT measurement. An increase in transpiration due to an increase in stomatal
opening resulted in a decrease in CT (Siddique et al., 2000). Leaf temperature increases as
stomata close due to reducing water loss (Ludlow and Muchow, 1990). When drought stress
exists, plants show higher CT because they conserve water by reducing transpiration (Abdipour
et al., 2013).
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Leaf greenness (SPAD) and chlorophyll a (Chl a)
Chlorophyll content is an important characteristic in plants under water stress conditions.
Chlorophyll content can play an important role in identifying drought tolerant genotypes (Saxena
et al., 2014). Estimation of chlorophyll content was measured using a SPAD meter to measure
relative leaf greenness. Changes in FC caused significant changes in leaf greenness. Increased
water level resulted in greener plants (Table 3.1). A reduction in leaf greenness may contribute to
changes in photosynthetic rate (Al-Ghzawi et al., 2018). This result agrees with Isoda (2010). A
decrease in FC also reduced Chl a. Plants under reduced water availability (30%) showed less
concentration of Chl a (Table 3.1). A reduction in leaf greenness may be attributed to changes in
photosynthetic rate (Al-Ghzawi et al., 2018; Isoda, 2010). The decrease in Chl a under water
stress may result from an increase in reactive oxygen species which leads to a disruption of
normal metabolism and damage to photosynthetic enzymes and pigments (Liu et al., 2011; Chen
et al., 2016; Guo et al., 2018).

Leaf water potential (LWP)
LWP was used to describe the interior status of plant water under drought stress. It can
indicate the degree of water stress in plants and is a very useful method to measure the
physiological status of water in the plant (Gonzales and Gonzales-Vilar 2001). LWP was greater
under the mulched treatments than in unmulched (Table 3.2). Lower LWP values indicated the
plant was more stressed. Therefore, water content was greater in mulched plants (-1.88 MPa)
compared to unmulched plants (-2.02 MPa). This result agrees with Hunter (1998) and Myburgh
(2013) who reported that LWP correlated better with wetter soil. Plant water status can be
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recovered as is water provided. The application of mulch conserved soil moisture which
maintained better water content (Nguyen et al., 2013; Rahman and Yahata, 2007). LWP was
decreased under the lowest FC (Table 3.1). The reduction in LWP under the lowest FC can be
attributed to changes in osmotic pressure and water osmotic components (Chowdhury et al.,
2017). Depending on the environmental conditions and plant type, water potential can vary
greatly. Plant xylem exudation rate is notably reduced under water stress compared to plants
well-watered (Aziz, 2003).

Transpiration rate (Tr) and water use efficiency (WUE)
Reduced FC resulted in reduced transpiration in plants. The lowest value was recorded
for plants grown under severe water stress (30%) (Table 3.3). WUE is very important for plant
selection, especially in semi-arid regions. A decrease in transpiration rate (Tr) is due to the
mechanism of down-regulating stomatal conductance during drought stress. This mechanism
comes as an adaptive action of the plant to protect its conducting system from hydraulic failure
(Zhang et al., 2018). WUE increased as FC decreased (Table 3.3). This increase contributes to
improving plant productivity and is identical to the results of Sikder et al. (2016) and Zhang et al.
(2018).

Soil temperature and moisture
Mulch affected soil surface properties. There was a reduction in soil water loss in
mulched treatments compared to unmulched treatments. Mulch moderated day and night soil
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temperatures. It also conserved soil moisture in day and night under all FC percentages studied
(Tables 3.4- 3.13). Mulch reduced evaporation of water from the soil which increased the
amount of moisture conserved at the root system. This increase in soil moisture by mulch
improved the soil environment and provided a better absorption of nutrients (Downer, 2009).

Conclusion
Callistemon was grown under different levels of field capacity and mulch. Several
physiological and morphological parameters associated with drought tolerance were studied.
Except for RV, there were no interactive effects of FC and mulch on measured plant parameters.
There were also no effects of either FC or mulch on Chl b or CMT%, Pn, SC, Ci/Ca, Fv'/Fm',
and ETR. Parameters such as CT, leaf greenness, Chl a, ShV, LWP, and Tr were reduced when
FC was reduced. However, R:Sh and WUE were increased under lower levels of FC. Severe
water stress caused higher plant CT. Severe water stress reduced Chl a, but there were no
differences in Chl a between moderate and full FC. Less ShV was obtained as FC was reduced.
The lowest values were under severe water stress. LWP decreased in plants under low FC while
Tr was higher under water stress. There were no differences between plants under moderate and
full FC. R:Sh and WUE were both increased as water level decreased from full FC to severe or
moderate water stress. Increased R:Sh and WUE under drought stress are positive parameters
showing the plants ability to tolerate drought. On the other hand, LWP and RV were increased
when mulch was used. These important parameters can help plants overcome drought stress in
landscapes.
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Table 3.1

Effect of percent field capacity (FC) on shoot volume (ShV), root to shoot ratio
(R:Sh), canopy temperature (CT), leaf greenness (SPAD), chlorophyll a (Chl a),
and leaf water potential (LWP) in Callistemon.
FC
(%)

ShV
(cm3)

R:Sh
ratio

CT
(°C)

SPAD
(Index)

Chl a
(µg.cm-2)

LWP
(MPa)

30

183683 c

0.33 a

39.31 a

32.90 c

10.73 b

-2.34 a

50

298334 b

0.31 a

38.74 a

36.94 b

15.37 a

-2.06 b

100

554141 a

0.17 b

37.50 b

42.29 a

16.36 a

-1.45 c

z

Means followed by same letters within column are not different
according to LS-means separation test (P=0.05).

Table 3.2

Effect of mulch treatment on leaf water potential (LWP) in Callistemon.

Mulch treatment

LWP (MPa)

Unmluched

-2.02 a

Mulched

-1.88 b

z

Means followed by same letters within column are not different
according to LS-means separation test (P=0.05).
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Table 3.3

Effect of percent field capacity (FC) on photosynthetic characteristics of
Callistemon including: photosynthesis rate (Pn), stomatal conductance (SC),
transpiration rate (Tr), water use efficiency (WUE), internal to external rate of
CO2 (Ci/Ca), quantum efficiency (Fv'/Fm'), and electron transportation rate (ETR).
FC
(%)

Pn
(µmol)

SC
(mmol)

Tr
(mmol)

WUE
(mmol)

Ci/Ca
rate

Fv'/Fm'
ratio

ETR
(µmol)

30

8.92

0.13

5.89 b

3.63 a

0.37 a

0.47 a

148.85 a

50

10.10

0.15

7.34 ab

3.57 a

0.38 a

0.48 a

145.35 a

100

11.16

0.26

8.19 a

2.46 b

0.47 a

0.45 a

152.16 a

z

Means followed by same letters within column are not different
according to LS-means separation test (P=0.05).

53

Table 3.4

Averages of day/night soil temperature (DST, NST) and soil moisture (DSM,
NSM) under different percent field capacities (FC) with unmulched and mulched
treatments of Callistemon grown during May.
FC (%) - mulch

DST (°C)

NST(°C)

DSM%

NSM%

30-unmulched

26.42

25.54

9.94

9.90

30-mulched

25.52

25.55

10.94

11.05

50-unmulched

25.30

24.51

18.75

18.40

50-mulched

25.12

25.15

18.97

18.03

100-unmulched

25.01

24.33

38.75

38.14

100-mulched

24.01

24.27

39.55

39.52

y

Averages were calculated from the entire month

Table 3.5

Averages of day/night air temperature (AT) and photosynthetic active radiation
light (PAR) for Callistemon during May.
Day/Night

AT (°C)

PAR (µM/m2/s)

D

32.66

862.57

N

19.68

0.00

y

Averages were calculated from the entire month
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Table 3.6

Averages of day/night soil temperature (DST, NST) and soil moisture (DSM,
NSM) under different percent field capacities (FC) with unmulched and mulched
treatments of Callistemon during June.
FC (%) - mulch

DST (°C)

NST(°C)

DSM%

NSM%

30-unmulched

30.08

29.09

9.94

10.63

30-mulched

29.51

29.07

11.05

11.95

50-unmulched

29.30

29.98

18.41

18.66

50-mulched

28.95

27.85

19.84

19.98

100-unmulched

28.98

28.88

37.61

38.82

100-mulched

28.76

27.99

39.18

39.09

y

Averages were calculated from the entire month

Table 3.7

Averages of day/night air temperature (AT) and photosynthetic active radiation
light (PAR) for Callistemon grown during June.
Day/Night

AT (°C)

PAR (µM/m2/s)

D

37.09

928.55

N

23.60

0.37

y

Averages were calculated from the entire month
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Table 3.8

Averages of day/night soil temperature (DST, NST) and soil moisture (DSM,
NSM) under different field capacities (FC) with unmulched and mulched
treatments of Callistemon grown during July.
Treatments

DST (°C) NST(°C)

DSM%

NSM%

30-unmulched

30.96

30.79

8.23

9.09

30-mulched

30.43

30.39

11.71

11.93

50-unmulched

30.60

30.32

18.54

19.36

50-mulched

30.39

29.25

19.78

19.83

100-unmulched

30.44

30.33

37.42

37.43

100-mulched

30.03

29.42

38.74

39.35

y

Averages were calculated from the entire month

Table 3.9

Averages of day/night air temperature (AT) and photosynthetic active radiation
light (PAR) for Callistemon grown during July.
Day/Night

AT (°C)

PAR (µM/m2/s)

D

38.21

830.49

N

25.32

0.02

y

Averages were calculated from the entire month
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Table 3.10

Averages of day/night soil temperature (DST, NST) and soil moisture (DSM,
NSM) under different field capacities (FC) with unmulched and mulched
treatments of Callistemon grown during August.
FC (%) - mulch

DST (°C)

NST(°C)

DSM%

NSM%

30-unmulched

30.74

30.62

8.02

8.77

30-mulched

30.50

30.41

11.58

11.76

50-unmulched

30.53

30.40

18.28

19.08

50-mulched

30.24

29.27

18.89

19.19

100-unmulched

30.31

30.31

38.56

39.00

100-mulched

29.95

29.33

39.14

39.84

y

Averages were calculated from the entire month

Table 3.11

Averages of day/night air temperature (AT) and photosynthetic active radiation
light (PAR) for Callistemon grown during August.
Day/Night

AT (°C)

PAR (µM/m2/s)

D

37.75

829.65

N

25.29

0.26

y

Averages were calculated from the entire month
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Table 3.12

Averages of day/night soil temperature (DST, NST) and soil moisture (DSM,
NSM) under different percent field capacities (FC) with unmulched and mulched
treatments of Callistemon grown during September.
FC (%) - mulch

DST (°C)

NST(°C)

DSM%

NSM%

30-unmulched

29.39

28.66

9.11

9.53

30-mulched

28.88

28.53

10.66

11.61

50-unmulched

28.18

27.26

18.63

19.90

50-mulched

28.34

28.24

19.33

19.66

100-unmulched

28.10

28.17

38.18

38.45

100-mulched

27.61

27.07

39.39

39.85

y

Averages were calculated from the entire month

Table 3.13

Averages of day/night air temperature (AT) and photosynthetic active radiation
light (PAR) for Callistemon grown during September.
Day/Night

AT (°C)

PAR (µM/m2/s)

D

35.62

871.22

N

22.22

0.00

y

Averages were calculated from the entire month
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Figure 3.1

Interactive effect of percent field capacity (FC) and mulch treatments on root
volume (RV) of Callistemon.

x

Graphs with same letters are not different according to LS-means separation test (P=0.05).

59

Literature cited
Abdipour, M., H.R. Ramezani, V. Bavei, S. Talaee, and G. Branch. 2013. Effectiveness of
canopy temperature and chlorophyll content measurements at different plant growth
stages for screening of drought tolerant wheat genotypes. American-Eurasian J. Agr.
Environ. Sci. 13:1325-1338.
Rahman, M.A. and H. Yahata. 2007. Effect of mulch and irrigation on leaf water relation and
pod yield of common bean in dry period of Bangladesh. Intl. Agr. Res. 2(10):862-869.
Al-Ghzawi, A.L.A., Y.B. Khalaf, Z.I. Al-Ajlouni, N.A. AL-Quraan, I. Musallam, and N.B. Hani.
2018. The effect of supplemental irrigation on canopy temperature depression,
chlorophyll content, and water use efficiency in three wheat (Triticum aestivum L. and T.
durum Desf.) varieties grown in dry regions of Jordan. Agr. 8(5):67.
Allen, C.D., A.K. Macalady, H. Chenchouni, D. Bachelet, N. McDowell, M. Vennetier, T.
Kitzberger, A. Rigling, D.D. Breshears, E.T. Hogg, and P. Gonzalez. 2010. A global
overview of drought and heat-induced tree mortality reveals emerging climate change
risks for forests. For. Ecol. Mgt. 259(4):660-684.
Álvarez, S. and M.J. Sánchez-Blanco. 2013. Changes in growth rate, root morphology and water
use efficiency of potted Callistemon citrinus plants in response to different levels of
water deficit. Sci. Hort. 156:54-62.
Álvarez, S. and M.J. Sánchez‐Blanco. 2014. Long‐term effect of salinity on plant quality, water
relations, photosynthetic parameters and ion distribution in Callistemon citrinus. Plant
Biol. 16(4):757-764.
Álvarez, S., M.J. Gómez-Bellot, J.R. Acosta-Motos, M.J. Sánchez-Blanco. 2018. Changes in
water use efficiency and plant quality of Phillyrea angustifolia in response to deficit
irrigation. Proc. XIV Intl. Plant Water Relations Symp. Madrid.
Aziz, M.A. 2003. Growth, yield, and some physiological mechanisms of salinity tolerance in
mungbean. Doctoral dissertation. Dept. of Agronomy, BSMRAU, Salna, Gazipur,
Bangladesh.
Cai, T., C. Zhang, Y. Huang, H. Huang, B. Yang, Z. Zhao, J. Zhang, and Z. Jia. 2015. Effects of
different straw mulch modes on soil water storage and water use efficiency of spring
maize (Zea mays L.) in the Loess Plateau of China. Plant Soil Environ. 61(6):253-259.
Chakraborty, D., S.Nagarajan, P. Aggarwal, V.K. Gupta, R.K. Tomar, R.N. Garg, R.N. Sahoo,
A. Sarkar, U.K. Chopra, K.S. Sarma, and N. Kalra. 2008. Effect of mulching on soil and
plant water status, and the growth and yield of wheat (Triticum aestivum L.) in a semiarid environment. Agr. water Mgt. 95(12):1323-1334.
60

Chauhan, Y.S. and T. Senboku. 1996. Thermostabilities of cell-membrane and photosynthesis in
cabbage cultivars differing in heat tolerance. J. Plant Physiol. 149:729–734.
Chen, Y., L. Liu, Q. Guo, Z. Zhu, and L. Zhang. 2016. Effects of different water management
options and fertilizer supply on photosynthesis, fluorescence parameters and water use
efficiency of Prunella vulgaris seedlings. Biol. Res. 49(1):12.
Chowdhury, J.A., M.A. Karim, Q.A. Khaliq, A.U. Ahmed, and A.M. Mondol. 2017. Effect of
drought stress on water relation traits of four soybean genotypes. SAARC J. Agr.
15(2):163-175.
Cregg, B.M., and R. Schutzki. 2009. Weed control and organic mulches affect physiology and
growth of landscape shrubs. HortScience 44(5):1419-1424.
De Micco, V., and G. Aronne. 2012. Morpho-anatomical traits for plant adaptation to drought.
In: Plant responses to drought stress 37-61. Springer, Berlin, Heidelberg.
Denny, G.C. and G. Hansen. 2016. Right Plant, Right Place: The art and science of landscape
design-plant selection and siting. IFAS Extension. UF.
Downer J. 2009. Mulch effects on trees. Western Arborist. 35:30-34.
Flexas, J., and H. Medrano. 2002 a. Drought‐inhibition of photosynthesis in C3 plants: stomatal
and non‐stomatal limitations revisited. Ann. Bot. 89(2):183-189.
Flexas, J., and H. Medrano. 2002 b. Energy dissipation in C3 plants under drought. Funct. Plant
Biol. 29(10):1209-1215.
Franks, P.J., T.W. Doheny‐Adams, Z.J. Britton‐Harper, and J.E. Gray. 2015. Increasing water‐
use efficiency directly through genetic manipulation of stomatal density. New Phytolst.
207(1):188-195.
Fu, Q., P. Yan, T. Li, S. Cui, and L. Peng. 2018. Effects of straw mulching on soil evaporation
during the soil thawing period in a cold region in northeastern China. J. Earth Syst. Sci.
127(3):33.
Gan, Y., K.H. Siddique, N.C. Turner, X.G. Li, J.Y. Niu, C. Yang, L. Liu, and Q. Chai. 2013.
Ridge-furrow mulching systems—an innovative technique for boosting crop productivity
in semiarid rain-fed environments. In: Advances in agronomy (118):429-476. Academic
Press.
Gargallo-Garriga, A., J. Sardans, M. Pérez-Trujillo, A. Rivas-Ubach, M. Oravec, K. Vecerova,
O. Urban, A. Jentsch, J. Kreyling, C. Beierkuhnlein, and T. Parella. 2014. Opposite
metabolic responses of shoots and roots to drought. Sci. Rep. 4:6829.
61

González, L., and M. González-Vilar. 2001. Determination of relative water content. In: Hdbk.
plant Ecophysiology Tech. 207-212. Springer, Dordrecht.
Guo, R., L. Shi, Y. Jiao, M. Li, X. Zhong, F. Gu, Q. Liu, X. Xia, and H. Li. 2018. Metabolic
responses to drought stress in the tissues of drought-tolerant and drought-sensitive wheat
genotype seedlings. AoB Plants 10(2):16.
Hailemichael, G. 2015. Use of chlorophyll fluorescence parameters to assess potential yield and
grape quality in vineyards with different water status. Doctoral Dissertation. University
of Valladolid, Spain.
Harris, R.W. 1992. Root-shoot ratios. J. Arboric. 18(1):39-42.
Hill, R. 1963. Chlorophyll, p. 73-97. In: M. Florkin, and E.H. Stotz (eds) Comprehensive
biochemistry. Elsevier Publishing Company, Amsterdam.
Hunter, J.J. 1998. Plant spacing implications for grafted grapevine II soil water, plant water
relations, canopy physiology, vegetative and reproductive characteristics, grape
composition, wine quality and labor requirements. South African J. Enol. Viticult.
19(2):35-51.
Intergovernmental Panel on Climate Change (IPCC). 2007. Climate change 2007 mitigation.
Contribution of working group III to the fourth assessment report of the
intergovernmental panel on climate change. Cambridge University Press, Cambridge.
Isoda, A. 2010. Effects of water stress on leaf temperature and chlorophyll fluorescence
parameters in cotton and peanut. Plant Production Sci. 13(3):269-278.
Jones, G.V. 2007. Climate change: observations, projections, and general implications for
viticulture and wine production. Economics Department-working paper, (7):14.
Kader, M.A., M. Senge, M.A. Mojid, K. and Nakamura. 2017. Mulching type-induced soil
moisture and temperature regimes and water use efficiency of soybean under rain-fed
condition in central Japan. Intl. Soil and Water Conservation Res. 5(4):302-308.
Khalili, M., P.A. Alireza, M.R. Naghavi, and E. Mohammad-Amini. 2014. Evaluation of drought
tolerance in safflower genotypes based on drought tolerance indices. Notulae Botanicae
Horti Agrobotanici Cluj-Napoca 42(1):214-218.
Khosravi, H., E. Haydari, S. Shekoohizadegan, and S. Zareie. 2017. Assessment the effect of
drought on vegetation in desert area using landsat data. The Egyptian J. Remote Sensing
and Space Science, 20: S3-S12.
Kosterna, E. 2014. The effect of covering and mulching on the soil temperature, growth and
yield of tomato. Folia Hort. 26(2):91-101.
62

Li, J., Z. Cang, F. Jiao, X. Bai, D. Zhang, and R. Zhai. 2017. Influence of drought stress on
photosynthetic characteristics and protective enzymes of potato at seedling stage. J. Saudi
Society Agr. Sci. 16(1):82-88.
Li, Q., H. Li, L. Zhang, S. Zhang, and Y. Chen. 2018. Mulching improves yield and water-use
efficiency of potato cropping in China: A meta-analysis. Field Crops Res. 221:50-60.
Li, R., X. Hou, Z. Jia, Q. Han, X. Ren, and B. Yang. 2013. Effects on soil temperature, moisture,
and maize yield of cultivation with ridge and furrow mulching in the rainfed area of the
Loess Plateau, China. Agricultural Water Management, 116:101-109.
Li, S. X., Z.H. Wang, S.Q. Li, Y.J. Gao, and X.H. Tian. 2013. Effect of plastic sheet mulch,
wheat straw mulch, and maize growth on water loss by evaporation in dryland areas of
China. Agricultural Water Management, 116:39-49.
Liu, C., Y. Liu, K. Guo, D. Fan, G. Li, Y. Zheng, L. Yu, and R. Yang. 2011. Effect of drought on
pigments, osmotic adjustment and antioxidant enzymes in six woody plant species in
karst habitats of southwestern China. Environ. Expt. Bot. 71(2):174-183.
Ludlow, M.M., and R.C. Muchow. 1990. A critical evaluation of traits for improving crop yields
in water-limited environments. Adv. Agron., 43:107-153.
Luo, H.H., H.Z. Zhang, X.P. Tao, Y.L. Zhang, and W.F. Zhang. 2013. Effects of water and
nitrogen management modes on the leaf photosynthetic characters and yield formation of
cotton with under-mulch drip irrigation. Chin. J. Appl. Ecol. 24:407–415.
Maleike, R. 2012. Selecting and Planting Woody Plants. Development University of Kentucky
College of Agriculture, Food and Environ. Coop. Ext. Service.
Martineau, J.R., J.E. Specht, J.H. Williams and C.Y. Sullivan. 1979. Temperature tolerance in
soybeans. I. Evaluation of a technique for assessing cellular membrane thermostability.
CropScience, 27:579-585
Maurya, P. R., and R. Lal. 1981. Effects of different mulch materials on soil properties and on
the root growth and yield of maize (Zea mays) and cowpea (Vigna unguiculata). Field
Crops Res. 4:33-45.
McMillen, M. 2013. The effect of mulch type and thickness on the soil surface evaporation rate.
Horticulture and Crop Science Department, California Polythechnic State University: San
Luis Obispo, CA, USA.
Medrano, H., M. Tomás, S. Martorell, J. Flexas, E. Hernández, J. Rosselló, A. Pou, J.M.
Escalona, and J. Bota. 2015. From leaf to whole-plant water use efficiency (WUE) in
complex canopies: limitations of leaf WUE as a selection target. The Crop J. 3(3):220228.
63

Morales, F., A. Abadia, and J. Abadia, 2008. Photoinhibition and photoprotection under nutrient
deficiencies, drought and salinity. In: Photoprotection, photoinhibition, gene regulation,
and environment, 65-85. Springer, Dordrecht.
Myburgh, P.A. 2013. Effect of shallow tillage and straw mulching on soil water conservation and
grapevine response. South African J. Plant and Soil 30(4):219-225.
Nayyar, H., S. Kaur, Smita, K.J. Singh, K.K. Dhir, and T. Bains. 2005. Water stress‐induced
injury to reproductive phase in chickpea: evaluation of stress sensitivity in wild and
cultivated species in relation to abscisic acid and polyamines. J. Agron. Crop Sci.
191(6):450-457.
Nguyen T.T., S. Fuentes, P. Marschener. 2013. Effect of incorporated or mulched compost on
leaf nutrient concentrations and performance for Vitis vinifera cv. Merlot. J Soil Sci Plant
Nutr. 13(2):485–497.
Ni, X., W. Song, H. Zhang, X. Yang, and L. Wang. 2016. Effects of mulching on soil properties
and growth of tea olive (Osmanthus fragrans). PloS One, 11(8): e0158228.
Ocampo, E.T.M., and R.P. Robles. 2000. Drought tolerance in mungbean II. Stomatal
movement, photosynthesis and leaf water potential. Philippine J. Crop Sci. 25(1):7-15.
Omae, H., A. Kumar, K. Kashiwaba, and M. Shono. 2007. Assessing drought tolerance of snap
bean (Phaseolus vulgaris) from genotypic differences in leaf water relations, shoot
growth and photosynthetic parameters. Plant Production Sci. 10(1):28-35.
Osakabe, Y., K. Osakabe, K. Shinozaki, and L.S.P. Tran. 2014. Response of plants to water
stress. Front. Plant Sci. 5:86.
Pandey, S., G.S. Tewari, J. Singh, D. Rajpurohit and G. Kumar. 2016. Efficacy of mulches on
soil modifications, growth, production and quality of strawberry (Fragaria x ananassa
Duch.). Intl J. Sci Nat. 7(4): 813-820.
Qin, W., C. Hu, and O. Oenema. 2015. Soil mulching significantly enhances yields and water
and nitrogen use efficiencies of maize and wheat: a meta-analysis. Scientific Rep.
5:16210.
Rannu, R.P., R. Ahmed, A. Siddiky, A.S.M. Ali, I. Murad, K. Faisal, and P.K. Sarkar. 2018.
Effect of irrigation and mulch on the yield and water use of strawberry. Intl. J. Agron.
https://doi.org/10.1155/2018/2903706
Samaila, A.A., E.B Amans, and B.A. Babaji. 2011. Yield and fruit quality of tomato
(Lycopersicon esculentum Mill) as influenced by mulching, nitrogen and irrigation
interval. Intl. Res. J. Agr. Sci. Soil Sci. 1(3):90-95.
64

Saxena, D.C., S.S. Prasad, R. Chatrath, S.C. Mishra, M. Watt, R. Prashar, A. Wason, A. Gautam,
and P. Malviya. 2014. Evaluation of root characteristics, canopy temperature depression
and stay green trait in relation to grain yield in wheat under early and late sown
conditions. Indian J. Plant Physiol. 19(1):43-47.
Scholander, P.F., E.D. Bradstreet, E.A. Hemmingsen, and H.T. Hammel. 1965. Sap pressure in
vascular plants: negative hydrostatic pressure can be measured in plants. Science
148(3668):339-346.
Shipley, B., and D. Meziane. 2002. The balanced‐growth hypothesis and the allometry of leaf
and root biomass allocation. Funct. Ecol. 16(3): 326-331.
Shrestha, S., A. Poudel, P. Satyal, N.S. Dosoky, B.K. Chhetri, and W.N. Setzer. 2015. Chemical
composition and biological activity of the leaf essential oil of Callistemon citrinus from
Nepal. Am. J. Essent. Oils Nat. Prod. 2:29-33.
Siddique, M. R. B., A.I.M.S. Hamid, and M.S. Islam. 2000. Drought stress effects on water
relations of wheat. Bot. Bull. Academia Sinica, 41.
Sikder, S., Y. Qiao, D. Baodi, C. Shi, and M. Liu. 2016. Effect of water stress on leaf level gas
exchange capacity and water-use efficiency of wheat cultivars. Indian J. Plant Physiol.
21(3):300-305.
Singer, C.K., and C.A. Martin. 2008. Effect of landscape mulches on desert landscape
microclimates. Arboric. and Urban For. 34(4):230-237.
Singh, B., K. Pathak, A. Verma, V. Verma, and B. Deka. 2011. Effects of vermicompost,
fertilizer and mulch on plant growth, nodulation and pod yield of French bean (Phaseolus
vulgaris L.). Veg. Crops Res. Bul. 74:153-165.
Toscano, S., D. Scuderi, F. Giuffrida, and D. Romano. 2014. Responses of Mediterranean
ornamental shrubs to drought stress and recovery. Scientia Hortic. 78:145-153.
Vernieri, P., S. Mugnai, E. Borghesi, L. Petrognani, and G. Serra. 2006. Non-chemical growth
control of potted Callistemon laevis Anon. Agric. Medit. 136(2):85.
Yingyu, Y., Z. Cheng-yi, S. Yu, L. Ju-yan, P. Dong-mei, L. Zi-liang, and F. Sheng-li. 2009.
Effects of drip irrigation under mulching on cotton root and shoot biomass and yield.
Yingyong Shengtai Xuebao. Chinese J Appl Ecol. 20(4):970.
Yu, Y., H. Tao, H. Yao, and C. Zhao. 2018. Assessment of the effect of plastic mulching on soil
respiration in the arid agricultural region of China under future climate scenarios. Agr.
Forest Meteorol. 256:1-9.

65

Zhang, H., A. Khan, D.K. Tan, and H. Luo. 2017. Rational water and nitrogen management
improves root growth, increases yield and maintains water use efficiency of cotton under
mulch drip irrigation. Front. Plant Sci. 8:912.
Zhang, J., H. Jiang, X. Song, J. Jin, and X. Zhang. 2018. The responses of plant leaf CO2/H2O
exchange and water use efficiency to drought: a meta-analysis. Sustainability, 10(2):551.
Zhang, W. F., Z.L. Wang, S.L. Yu, S.K. Li, L.P. Cao, and L.T. Ren 2003. Effect of under-mulchdrip irrigation on canopy apparent photosynthesis, canopy structure and yield formation
in high-yield cotton of Xinjiang. J. Expt. Bot. 55:38–44.

66

SHADE ANGLE AND ORIENTATION ON ESTABLISHMENT AND GROWTH OF
CALLISTEMON
Abstract
Light is an essential environmental factor regulating plant growth and development. It is
the main resource of energy for photosynthesis and several physiological processes in plants.
Light quality and quantity are variable. In nature, light intensity is spatially and temporally
variable due to sun angle alteration and overlapping leaves. In cities, landscape plants are often
overshadowed by neighboring buildings and other objects. Through fluctuation in environmental
conditions, plants rely on their ability of adaptation to grow and develop.
A field experiment was carried out to investigate shade effects on establishment and
growth of Callistemon during the summer season. Treatments included full sunlight vs. 40%
shade, shade angle and orientation. Shade structures were applied at two angles (90° or 70° to the
ground) and at three orientations to the plant (south, east, or west). Rooted cuttings of
Callistemon were transplanted into 12.6 L containers and moved to the field. The experiment
was designed and laid out using the 3D software SketchUp. Each potted plant was either placed
beside one of the pre-installed shade structures (two angles; three orientations), or without any
shade (control treatment). Each plant was provided with drip irrigation. At the end of the season,
plant growth was evaluated by analyzing morpho-physiological characteristics. Transpiration
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rate (Tr) decreased in shaded plants. The orientation (South) had the most effect on Tr. The plant
exhibited no changes in the other parameters indicating the plant’s ability to establish under
various light conditions with no negative impact.

Introduction
In urban and suburban landscapes, light is variable in quantity and time. Shadows of
buildings, in the northern hemisphere, are often spread to the north, east, and west. Based on
these patterns, shade adapted flowering plants are needed in urban landscapes (Stanton, 2010).
Naturally, due to environmental fluctuation, sun angle alteration and shade from leaves
overlapping, plants encounter a range of different spectral properties and light intensities.
Gradients in light intensities consequently affect photosynthesis. Although plants grown under
fluctuating light conditions show a slow growth rate due to their lower ability to use energy
absorbed from light for carbon fixation, they show high rates of light use efficiency (VialetChabrand et al., 2017). Although the potential influences of urban climates on plant growth has
been studied, information about urban low light situations is still poor. Urban landscapes receive
limited amounts of light due to unavoidable shade cast by buildings and structures. Tall buildings
can reduce potential seasonal irradiance by 27-90% of estimated irradiance for unblocked areas
(Kjelgren, 1995).
Light can be modified to manipulate plant growth and development. Shadecloths (shade
netting) have been designed for greenhouse and outdoor uses. They influence environmental
conditions such as excessive radiation and temperature and provide physical protection from hail
and insects ( Pérez et al., 2006). Shadecloths also increase light diffusion as well as absorb
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diverse spectral bands. Therefore, shading can affect plants and other living things related to
them (Stamp, 2009). Plants have shown various responses to light quality, quantity, duration, and
direction. Different photoreceptors including chlorophylls, phytochromes, and cryptochromes are
used by plants in capturing light (Folta and Maruhnich, 2007). Use of shadecloth can increase the
relative diffusion (scattering) of sunlight and absorb diverse bands of the solar spectrum
increasing specific light quality and thus, satisfy plant needs for growth (Stamps, 2009). In
addition to controlling light, shadecloths protect plants from physical damage including hail,
insects, and birds. Shadecloths also provide physical protection from high radiation, pests and a
changing environment. Shadecloths, especially colored, provide many advantages to plants by
creating favorable microclimates (Costa et al., 2010).
Plants respond to changes in light conditions by showing changes in morphological and
physiological characters such root to shoot ratio, leaf area, and photosynthetic pigments (Wang
et al., 2009; Zhang et al., 2016). Plants have lower respiration rates when grown in low vs. high
light, thereby reducing carbon losses in a carbon-poor environment (Reich et al., 1998).
Chlorophyll content was increased in blackberry plants grown under 40% shadecloth while
photosynthesis, stomatal conductance, and transpiration rates were reduced under shade
conditions (Rotundo, et al, 1998). Leaves of sun plants are known to be different from those of
plants grown under shade. Constant shade of apple trees resulted in decreased plant size and
yield, increased shoot length, and reduced canopy temperature compared to the surrounding air
temperature and increased shoot length in shaded plants (Miller, 2001). Physiologically, their
ultrastructure, chloroplast, composition pigments, and response to light stress are different
(Anderson et al., 1995; Lichtenthaler et al., 2007a). Increased chlorophyll concentration under
shaded conditions reflects a plant’s ability to efficiently capture light energy and use it (Stanton
69

et al., 2010). Decreases in chlorophyll a/b ratio were stated as a classical hypothesis regarding
shade tolerance. Chlorophyll a/b ratio may be increased under shade (Beneragama and Goto1,
2010). Screening with shadecloth over plants decreases the stress of hot weather (Retamales et
al., 2008). Shading also reduces evaporation and retains water vapor (Elad et al., 2007).
Plants in natural environments and urban landscape conditions experience a wide range
of light intensities. Changes in light properties, due to changes in sun angle, clouds, buildings,
and neighboring plants, can affect plant growth and development (Vialet-Chabrand et al., 2017).
The ability of different landscape plants to adapt to various levels of light intensities and variable
urban environmental conditions is important for survival in the landscape. Determination of
shade angle and orientation and their interaction effects on plant establishment in landscapes is
the goal of this study. Plant adaptability to shade conditions can be used to modify growing
conditions and improve their performance in such landscapes.

Materials and Methods
Plant materials, treatments, and conditions of growing
The experiment was conducted to examine the effects of shadecloth on plant growth
under stress conditions. Seven treatments, no shade and two different angles of shade 90°, 70° at
three orientations for each angle, south, east, or west were used to study the effect of shade on
growth of Callistemon. Fifty-six 1-year-old, (10 cm liners) of Callistemon (28 cm tall) were
obtained and transplanted to 12,615 cm3 (12.6 L) containers in an 80:20 % (v:v) pine bark: sand
growing mix amended with 5.9 g/L lime (pelletized dolomitic limestone, Austinville Limestone,
Austinville, VA) 0.9 g/L micronutrients (Micro Max, Altivity Packaging, LLC. Jacksonville,
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AR), 8.9 g/L slow release fertilizer (Osmocote 14-14-14 NPK, Scotts Co. Marysville, OH) and
0.9 g/L wetting agent (Debco Satur-aid, Bella Vista, NSW, Australia). Seven treatments with
eight potted single plant replications in a randomized complete block design were used. Wooden
structures were covered with black, vinyl screen 40% light reduction and installed at a 90° or 70°
angle to the ground. Shade structures measured 120 cm tall by 60 cm wide and the area of each
shade structure was 5400 cm2 (60 × 90 cm). Distance between each plant center and the shade
structure was 30 cm. Soil and air temperature thermocouple sensors were used to measure soil
and air temperature in each treatment. The sensors were connected to data loggers (WatchDog
425, Spectrum Technologies, Aurora, IL) to record temperatures every 30 minutes and averaged
by month for each treatment (Table 4.5). Drip irrigation was used to provide water. All plants
were watered using an irrigation timer (Orbit Irrigation Products, Inc., North Salt Lake, UT) to
provide water daily for 15 min throughout the experiment. The experiment was repeated a
second season.

Data collection and statistics
The experiment was designed in a randomized complete block design. One plant equaled
an experimental unit. Data were collected to determine the effect of shading on canopy
temperature (CT), total chlorophyll content (TCC), chlorophyll a/b ratio (Chl a/b), cell
membrane thermostability (CMT), leaf water potential (LWP), shoot volume (ShV) as well as
root parameters (Rp) including: cumulative root length (CRL), root surface area (RSA), average
root diameter (RD), root volume (RV), number of tips (RT), number of forks (RF), and number
of crossings (RC). Photosynthesis rate (Pn), stomatal conductance (SC), transpiration rate (Tr),
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water use efficiency (WUE), internal to external CO2 ratio (Ci/Ca), quantum efficiency
(Fv'/Fm'), and electron transport rate (ETR) were also measured using the open gas exchange
system (LI-6400; LI-COR, Inc., Lincoln, Nebraska USA). All data were analyzed using analysis
of variances (ANOVA). Significant differences of means were indicated using LS-means
separation test at P=0.05 (Proc GLM), (SAS 9.4, SAS Institute, Cary, NC).

Canopy temperature
Canopy temperature was measured using a hand held infra-red thermometer (Extech
Instrument 42510A, Laser IR Thermometer Mini Wide Temp 1000F / 538C, Spectrum
Technologies Inc. Aurora, IL). A sunny, noon day reading was used. The averages of three
readings were recorded for each plant.

Total chlorophyll content and chlorophyll a/b ratio
Chl a and b concentrations were measured by 80% acetone extraction method (Porra,
2002). TCC was calculated at 663 and 645 nm wavelengths by spectrophotometer (Nicolet
Evolution 100 UV-Visible; Thermo Fisher Scientific Inc., Waltham, MA).
Total chlorophyll content (µg/ml) = 17.76 (A646) + 7.34 (A663) (Porra, 2002)
Where A = absorbance.
Dividing chl a by chl b concentrations was used to calculate chl a/b ratio.
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(4.1)

Cell membrane thermostability
Cell membrane thermostability was measured following the procedure of Martineau et al
(1979), and Chauhan and Senboku (1996).
Leaf water potential
The Scholander PWSC was used to measure LWP (Scholander et al.,1965).

Shoot volume
Shoot volume was measured at the end of the experiment. Plant Height (h) and plant
width (w1 at the widest part of the canopy, w2 at 90° from w1) were measured. The following
formula was used to measure the total volume of each plant:
ShV (cm3) = 3.147× [((w1+w2)/2)/2]2 ×h

(4.2)

Where w1=plant width in cm, w2= plant width at 90° from w1.

Root parameters
At the end of the experiment, plants were harvested at the substrate level. Roots were
cleaned and washed. A photo scanner (EPSON Expression 10000XL Model J 181A, Seiko
Epson Corp., Nagano, Japan) was used to acquire grayscale root images. Cumulative root length
(CRL), root surface area (RSA), average root diameter (RD), root volume (RV), number of tips
(RT), number of forks (RF), and number of crossings (RC) were calculated using WinRHIZO
software (Regent Instruments Inc., Québec City, Canada).
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Photosynthetic parameters
Photosynthesis parameter including: Pn, SC, Tr, WUE, Ci/Ca, Fv'/Fm', and ETR were
measured using open gas exchange system. Full developed leaves from the upper part of each
plant were measured between 10:00 am to 12:00 pm. (Medrano et al., 2015).

Results and discussions
All studied parameters, except Tr, showed no change to shade angle, shade orientation or
their interactions. Canopy temperature, chl a/b, TCC, CMT, LWP, and ShV were not significant
(Table 4.1, 4.2). Photosynthetic parameters including: Pn, SC, WUE, Ci/Ca, Fv'/Fm', and ETR
were not significant as well (Table 4.3, 4.4). The root parameters CRL, RSA, RD, RV, RT, RF,
and RC were not significant (data not shown).

Transpiration rate (Tr)
Light is one environmental factor affecting Tr in plants. The Tr is higher in bright
conditions, but lower in dark. In this study, shaded plants experienced lower rates of
transpiration than plants without shade. Shade located to the south of the plants reduced Tr
(Table 4.4). This result agrees with Schapendonk et al. (1997). According to Shao et al. (2014),
Tr is influenced by photon flux. The rate decreases when the flux decreased. Shade orientation
contributed to Tr reduction. The lowest values of Tr were recorded when shade was to the south
of the plants. Shade to the east reduced Tr more than to the west. Reducing morning light may
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keep Tr lower than afternoon light reduction. More light absorption by green leaves resulted in
greater surface temperature which increased vapor pressure and Tr (Muller 1979). This result
was also consistent with Fay and Knapp (1998) who concluded that shade can reduce Tr by half
in shaded plants. The decrease was determined by the proportion of shade provided (Zhu et al.,
2017). However, Plants receiving less shade, where the shade was very brief, had less reduction
in Tr. Such shade treatments may have led the plants to increase their Tr to adapt to the rapid
short-term shading conditions and Tr would have been decreased if the shade period was longer
(Zhu et al., 2017). Decreases in Tr were also observed under low light intensity (Downes, 1969;
1970).

Conclusion
Callistemon were examined to determine the effect of shade angle and direction on plant
growth. Shade resulted in a reduction in Tr. The shade angle and orientation had no effect on
other growth parameters measured in Callistemon. The effects of shade were inconsistent. Plants
under the various shade structures displayed characteristics different than plants under no shade.
It was concluded shade structures located to the south of the plants reduced Tr. A reduction in Tr
may help the plant use less water and establish more successfully in an hot, arid climate.

75

Table 4.1

Effect of shade angle on canopy temperature (CT), chlorophyll a to b ratio (a/b),
total chlorophyll content (TCC), cell membrane thermostability (CMT), leaf water
potential (LWP), and shoot volume (ShV) in Callistemon.
CT

a/b

TCC

CMT

LWP

ShV

Angle

(°C)

ratio

(µg/ml)

(%)

(MPa)

(cm3)

90°

38.10 a

2.26 a

9.06 a

69.61 a

-1.98 a

118828.16 a

70°

37.67 a

2.28 a

9.47 a

69.47 a

-1.97 a

115384.77 a

z

Means followed by same letters within column are not different
according to LS-means separation test (P=0.05).

Table 4.2

Effect of shade orientation on canopy temperature (CT), chlorophyll a to b ratio
(a/b), total chlorophyll content (TCC), cell membrane thermostability (CMT), leaf
water potential (LWP), and shoot volume (ShV) in Callistemon.
CT

a/b

TCC

CMT

LWP

ShV

Orientation

(°C)

ratio

(µg/ml)

(%)

(MPa)

(cm3)

South

37.60 a

2.25 a

9.48 a

69.95 a

-1.98 a

112341.34 a

East

38.00 a

2.29 a

9.10 a

67.90 a

-1.97 a

117162.50 a

West

38.05 a

2.28 a

9.21a

70.77 a

-1.99 a

121815.57 a

z

Means followed by same letters within column are not different
according to LS-means separation test (P=0.05).
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Table 4.3

Effect of shade angle on photosynthetic parameters: photosynthesis rate (Pn),
stomatal conductance (SC), transpiration rate (Tr), water use efficiency (WUE),
internal to external rate of CO2 (Ci/Ca), quantum efficiency (Fv'/Fm'), and
electron transportation rate (ETR) in Callistemon.

Angle

Pn
(µmol)

SC
(mmol)

Tr
(mmol)

Ci/Ca
rate

Fv'/Fm'
ratio

ETR (µmol)

90°

5.46 a

0.06 a

2.00 a

0.60 a

0.44 a

125.94 a

70°

5.14 a

0.07 a

1.98 a

0.58 a

0.44 a

127.72 a

z

Means followed by same letters within column are not different
according to LS-means separation test (P=0.05).

Table 4.4

Effect of shade orientation on photosynthetic parameters: photosynthesis rate (Pn),
stomatal conductance (SC), transpiration rate (Tr), water use efficiency (WUE),
internal to external rate of CO2 (Ci/Ca), quantum efficiency (Fv'/Fm'), and
electron transportation rate (ETR) in Callistemon.

Orientation

Pn
(µmol)

SC
(mmol)

Tr
(mmol)

Ci/Ca
rate

Fv'/Fm'
ratio

ETR
(µmol)

South

5.03 a

0.05 a

1.78 b

0.52 a

0.44 a

121.16 a

East

5.56 a

0.07 a

1.98 ab

0.64 a

0.43 a

127.70 a

West

5.33 a

0.07 a

2.21 a

0.61 a

0.44 a

131.63

z

Means followed by same letters within column are not different
according to LS-means separation test (P=0.05).
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Table 4.5

Monthly averages of day and night (D/N) soil temperature (ST) and air
temperatures (AT) for each treatment looking at shade angle and orientation on
Callistimon establishment.
July

Treatments D/N
90°-South

90°-East

90°-West

70°-South

70°-East

70°-West

No shade

ST

AT

August
ST

AT

September
ST

AT

October
ST

AT

D

30.97 33.38 31.44 33.58 29.31 33.05 24.20 27.16

N

26.90 24.39 26.55 23.89 24.11 20.84 17.92 14.03

D

31.96 32.83 31.97 33.56 29.30 33.13 28.66 27.87

N

26.41 24.31 26.20 24.02 23.38 20.90 17.29 13.87

D

31.18 33.48 31.82 33.43 29.51 31.62 25.64 28.12

N

27.29 24.49 27.02 24.08 24.35 20.99 17.52 13.88

D

30.90 32.85 31.63 32.97 29.40 31.54 23.96 27.22

N

26.58 24.44 26.35 24.04 23.84 21.01 17.49 14.47

D

30.46 33.56 30.46 33.67 28.65 33.01 24.18 27.93

N

26.79 24.56 26.40 24.17 23.77 21.21 17.76 14.44

D

31.29 32.86 31.90 33.32 30.71 32.30 25.19 28.19

N

26.68 24.33 26.63 24.13 23.89 21.13 19.90 15.74

D

33.22 33.58 33.29 33.65 30.96 33.16 25.36 27.91

N

27.44 24.40 26.89 23.96 24.28 20.95 18.61 14.23

y

Averages were calculated from the entire month.
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EFFECT OF HEAT STRESS ON CALLISTEMON GROWTH AND DEVELOPMENT
Abstract
Temperature is a key factor for plant survival. Urban landscapes often have higher
temperatures than surrounding rural areas. Naturally, plant performance and productivity are
impacted by both low and high temperature which can decrease plant yield and quality.
Callistemon heat tolerance was investigated in this study using growth chambers. Three
temperature treatments were applied as moderate heat stress, 35/25°C, severe heat stress,
45/35°C, and control, 25/15°C, d/n. Three growth chambers were used with three replications
over time. Each treatment was comprised of five experimental units (one plant each). Soil
moisture, temperature sensors and quantum light sensors were used and connected to data
loggers to record readings every hour. After a two-week period, Chl a and b, Car, CMT%,
Fv'/Fm', H2O2, CAT, and SOD were measured. Results showed no change in Chl a, CMT%, or
Fv'/Fm' under the different temperatures. Under moderate temperature, H2O2 and SOD activity
were stable, CAT activity and Car content increased, and Chl b content decreased compared to
control. However, under severe temperature, the plants had decreased Chl b, CAT, and SOD
activity, but Car content and H2O2 increased compared to the control. Chl b and Car content were
stable under severe temperature when compared to moderate temperatures.
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Introduction
Temperature is an essential factor in plant life. Temperature of urban landscape objects
often differs from the temperature of their ambient spaces (Thani et al, 2013). Temperature
increases or decreases more than optimal can affect growth and development in plants. Plant
quality and productivity eventually decline (Yan et al., 2013). Different plant species exhibit
different responses to high temperatures at different phenological stages (Gajanayake, 2014;
Wahid et al., 2007). Heat stress markedly affects the reproductive processes in most plant species
even under well-water conditions (Hamidou et al., 2013). In cotton, heat stress causes a reduction
in the physiological and biochemical processes leading to poor yield quality (Roy and Ghosh
1996). Protein denaturation, plant cell injury, and photosynthetic apparatus deficiency can occur
under heat stress especially when coupled with water deficit. Transpiration rate decreases due to
stomata closure which aggravates photosynthesis (Levitt, 2012). Other physiological and
metabolic processes, such as carbohydrate accumulation, enzyme activity, and leaf turgor
pressure are negatively affected by heat stress. Pollination, fertilization, water content and fruit
shedding are also included (Bibi et al., 2008; Ekinci et al., 2017). Photosynthetic pigment
reduction along with morphological changes have resulted when plants were exposed to 40 °C
(Mohamed and Abdel-Hamid, 2013).
Chloroplasts were determined to be the primary site of heat stress injury (Wise et al.
2004). Thus, the photosynthetic process can be inhibited due to inhibition of PSII which leads to
a reduction in the electron transport rate (Yamori et al., 2008). Metabolic reduction, inhibition of
photosynthesis, and photochemical deficiency are the general impacts characterized in plants
under heat stress (Guo et al., 2006). Cell membrane thermostability (CMT) has been used to
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estimate heat stress in plants with plants showing a significant change in membrane stability
under high temperatures (Kamal et al., 2017). Besides CMT, chlorophyll fluorescence (Fv'/Fm')
is considered one of the most important and quickest tests used to determine plant heat tolerance
(Nyarko et al, 2008). This technique has become ever-present in plant ecophysiology research
being highly adopted by plant physiology investigators. It provides rapid data under field
conditions where no photosynthetic performance evaluation seems to be complete without this
test (Maxwell and Jonson, 2000). The use of this measurement is reliable to detect damage to the
photosynthesis apparatus due to heat stress. Maximum quantum efficiency of PSII was reduced
in heat stressed plants. The connectivity of PSII was affected under heat in barely plants
(Jedmowski et al., 2015). Fv'/Fm' was measured in tomato plants grown under laboratory and
greenhouse conditions. Under both situations, Fv'/Fm' was decreased with an increase in leaf
temperature (Willits and Peet, 2001). Fv'/Fm' was decreased when measured in tomato plants at
38°C indicating heat resistance. The tomato plants showed high heat adaptation ability and
resistance against potential damage to the protein complex structure and PSII activities
(Murkowski, 2001).
Heat stress caused the light harvesting complex LHCII of the chlorophyll photosystem to
be aggregated. This aggregation was in a linear relationship with non-photochemical quenching.
CO2 assimilation rate was substantially inhibited and Fv'/Fm' was slightly decreased under heat
stress. The aggregation was thought to be the protective mechanism to dissipate excessive energy
(Tang et al., 2007). Photosynthetic parameters including Fv'/Fm' were examined in leaves under
40 and 45°C. Significant decreases in photochemical efficiency of PSII and photosynthetic rate
were observed. Heat stress at 45°C caused oxidative damage and generation of reactive oxygen
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species (ROS) which resulted in increases in superoxide dismutase (SOD), catalase (CAT), and
peroxidase (Chen et al., 2012).Heat stress reduced chlorophyll (a+b), chlorophyll/carotenoid
ratio, and chlorophyll fluorescence, while increasing chlorophyll a/b ratio in tall fescue (Festuca
arundinacea). Lipid peroxidase was increased, CMT was decreased, and the activities of SOD
and ascorbate peroxidase (APX) were also changed in the plant (Cui et al., 2006). Heat stress
caused changes in SOD and CAT activity increasing at the beginning and then declining as the
heat stress continued (Li et al., 2014).
One of the scenarios of heat stress effect is the potential for high temperatures to inhibit
photosynthesis caused by an inability in PSII to dissipate the excessive energy absorbed by the
light-harvesting complex (Zhang and Ervin, 2008). This excessive energy might be directed to
O2 causing an accumulation of ROS. Hence, plants begin their defensive systems to break down
the toxic ROS (Larkindale and Huang, 2004). Superoxide dismutase is considered the first
defensive line against ROS increase. It binds dismutase and superoxide anions into one molecule
of hydrogen peroxide (H2O2) and oxygen (O2). Then, CAT converts H2O2 to water (H2O) and O2
to complete the detoxification process (Held, 2012). Antioxidant enzymes have shown a positive
correlation with chlorophyll content and CMT (Almeselmani et al., 2006). ROS generation leads
to oxidative damage to cell organs, proteins and membranes. ROS (including O2, superoxide
anion ·O2-, peroxide ·O2-2, H2O2, hydroxyl radical ·OH, and hydroxyl ion OH-) are normally
produced and function as a signal activating the antioxidant defense system in plants. ROS plays
an essential role in photosynthesis system damage. The ROSs ·O2-, ·OH, and H2O2, are the toxic
chemicals generated in plants under abiotic stress conditions (Edreva, 2005). Enzymatic and nonenzymatic pathways have been used by plants to scavenge excessive concentrations of ROS.
H2O2, the most stable ROS form, can be scavenged and detoxified into H2O and O2 via an
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enzymatic pathway. The most important enzymes involved in this process are CAT and SOD
(Smith and Cheng, 2005; Zhang, 2014). Antioxidants are considered some of the most important
metabolic defenses against heat stress (Upchurch, 2008; Wang et al., 2005). The antioxidant
system is one defensive mechanism plants activate for protection from damage caused by heat
stress (Zafar et al., 2018). The objectives of this study were to investigate the effect of heat stress
on ROS and heat tolerance in Callistemon.

Materials and Methods
Plant materials, treatment, and conditions of growing
Forty-five rooted cuttings of Callistemon citrinus (one plant per 0.95 L pot; approx. 36 cm
tall) were acclimated to local outdoor conditions in August for 2 weeks. All plants were watered
daily. Fifteen plants were divided between 3 growth chambers, 5 plants (subsamples) per
chamber, set at 25/15, 35/25, or 45/35°C day/night (control, moderate, and severe temperature,
respectively). Light and watering were maintained similar in each chamber. Plants were grown at
the treatment temperatures for 14 days and the study replicated 3 times. Air and soil temperature
(external soil thermocouple sensor; Spectrum Technologies, Inc. Aurora, IL), soil water content
(WaterScout SM100 soil moisture sensors; Spectrum Technologies, Inc. Aurora, IL), and light
intensity (LightScout Quantum Light Sensor; Spectrum Technologies Inc. Aurora, IL) were
recorded every 60 minutes in each chamber during the treatment periods using data loggers
(WatchDog 1000 Series Micro Stations; Spectrum Technologies Inc., Aurora, IL) (Tables 5.2,
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5.3, 5.4). At the end of each treatment period, data were collected on CMT%, Fv'/Fm' and
concentrations of Chl a, Chl b, carotenoids (Car), H2O2, CAT, and SOD.

Chlorophyll pigments
Four recently matured leaves were harvested from each plant to make four 48 mm2 sized
discs from each plant. Discs were cut into small pieces to ease extraction process. Discs from
each treatment were then placed in vials filled with 10 ml, 80% acetone. The vials were put in a
refrigerator for at least 15h for pigment extraction completion. Pigment concentrations of Chl a
and Chl b and Car were measured at 663, 645, and 470 nm wavelengths respectively by
spectrophotometer (Nicolet Evolution 100 UV-Visible; Thermo Fisher Scientific Inc., Waltham,
MA). A control blank of 10 ml of 80% acetone without leaf tissue was used. To calculate the
pigment concentrations, the following equations were used:
Chl a =12.7 A663nm – 2.69 A645nm (Hill, 1963)

(5.1)

Chl b=22.9 A645nm – 4.80 A663nm (Hill, 1963)

(5.2)

Car = (1000A470 nm – 1.82 chl a – 85.02 chl b) / 198 (Lichtenthaler, 1987)

(5.3)

Where A = absorbance.
Pigment concentrations in μg/ml were expressed on a leaf area basis (μg·cm-2) using the
following:
Chlorophyll concentration (μg·cm-2) = (Chlorophyll concentration (μg·ml-1) x10)/1.925
Where 10 is the volume of acetone (ml) used for a sample and 1.925 is the total area (cm2) of
four-leaf disks for one sample.
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Cell membrane thermostability
Cell membrane thermostability (CMT) was measured following the procedure of
Martineau et al (1979) and Chauhan and Senboku (1996).
Chlorophyll fluorescence
Fv'/Fm' was measured using a portable, hand-held, battery-powered fluorometer
(FluorPen FP100; Photon Systems Instruments, Drasov, Czech Republic). This measurement
provides a Fv'/Fm' ratio. From the top third part of the plants, an average of three readings were
taken of each plant from each treatment for a total of 15 readings recorded from each treatment.
Measurements were taken 2.5 to 3 hours after irrigation.

H2O2 analysis
Fresh leaves were collected from the top of each plant in each treatment. The leaves were
weighed, ground with liquid nitrogen, and kept at -80 °C for biochemical assays. In this assay,
Macnevin and Urone’s (1953) and Brennan and Frenkel’s (1977) protocol was used with
modification to determine H2O2 in the plant. A specific complex of H2O2 and Ti+4 can be formed
to be absorbed at the peak 415 nm. From each sample, 0.1 g of ground tissue was homogenized
in 1.5 ml phosphate extraction buffer (50 mM potassium phosphate pH 6.5). The extract was
Vortexed for 10 min and centrifuged for 15 min at 12,000 rpm. Next, 0.5 ml of supernatant was
mixed with 1.5 ml of reaction buffer (20% H2SO4, 0.1% TiCl4). This solution was then
centrifuged at 12,000 rpm for 5 min. 1 ml supernatant of this solution was placed in a cuvette
(Fisherbrand 10mm lightpath, 1.5mL vol. polystyrene; Fisher Scientific, Hampton, NH) and
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placed in a spectrophotometer (Nicolet Evolution 100 UV-Visible; Thermo Fisher Scientific Inc.,
Waltham, MA). A distilled water blank was used as the control to the supernatant absorbance
reading. H2O2 concentration was determined based on standard curve method. The following
formula was used to calculate H2O2 content in the samples.
H2O2 content in sample (μmol/mg) = (C*V)/m

(5.4)

C = H2O2 concentration (μM)
V = total volume of first supernatant (L)
m = mass of sample (mg)

CAT analysis
Using leaf tissue collected for H2O2 analysis, 0.1 g of the sample was added to 1.9 ml of
extraction buffer (50 mM Potassium phosphate pH 7.6, 0.1 mM EDTA, 4% PVP). The sample
was Vortexed for 5 min then centrifuged for 15 min at 12,000 rpm. 20 µl of the supernatant
obtained was added to 1800 µl of reaction buffer (50 mM potassium phosphate) and 180 µl of
(50 mM H2O2) to make final volume of 2 ml and start the reaction. Solution containing reaction
buffer and hydrogen peroxide was used as the control blank. The spectrophotometer was used to
read the absorbance of the sample at 240 nm. Absorbance rate was declined within 30 min. CAT
was calculated using the following equation:
CAT activity (μmol/min/mg) = ΔA*V / [€*b]/m
Where:
ΔA = absorbance change
V = total volume of reaction solution (2ml)
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(5.5)

€ = CAT extinction coefficient (0.0394 μmol/cm)
b = light pathway width (1cm)
m = total content of protein (mg).

SOD assay
The change in photochemical reduction of nitro blue tetrazolium (NBT) was adopted to
determine SOD activity in this assay (Shiyab et al., 2009). From the fresh leaf samples collected
for H2O2 and CAT analysis, 0.1 g of plant tissue from each sample was added to 1.9 ml of
extraction buffer (50 mM K-phosphate buffer pH 7.6, 0.1 mM EDTA, and 4% PVP). The
solution was Vortexed for 5 min and centrifuged for 15 min at 12,000 rpm. 100 µl of the
supernatant was added to a mixture of 1800 µl reaction buffer (50 mM K-phosphate buffer pH 7,
13 mM Methionine, 0.1 mM EDTA, and 2 µl of Riboflavin) and 100 µl of pre-cooled NBT. The
resulting solution was put in a cuvette and measured in the spectrophotometer at 560 nm. The
reaction buffer+ NBT was used as the control blank for the spectrophotometry. The change in
absorption during a period of 30 min at room temperature (20°C) was tracked. The activity of
SOD was calculated as follows:
SOD Activity (μmol/ min/mg) = (A2-A1) / (A2*0.5*t)/m
Where:
A2 = maximum absorption.
A1 = each sample absorption.
m = total protein content (mg).
t = period of 30 min.
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(5.6)

Data analysis and statistics
The experiment was designed in a split plot design with fifteen plants divided between 3
growth chambers (5 subsamples per treatment) set at 25/15, 35/25, or 45/35°C day/night and
replicated 3 times over time. All data were statistically analyzed using analysis of variance
(ANOVA). Significant differences of means were indicated using LS-means separation test at
P=0.05 (Proc GLM), (SAS 9.4, SAS Institute, Cary, NC).

Results and Discussions
There were no significant changes in Chl a, CMT%, or Fv'/Fm' under different
temperatures (Table 5.1). The plants showed thermostability in these parameters when under heat
stress. This stability indicates the plant’s ability to tolerate high temperatures with no damage.
This indicates the high stability of cell membranes and photosystem II efficiency against heat
stress damages. Research revealed plants with cell membranes that stay stable and functional
under stress can adapt to various stresses including heat and drought. Stable function of CMT
under heat stress is very important in essential processes such as photosynthesis and respiration
(Hemantaranjan et al., 2014). The plant’s ability to protect cells from heat damages are one
feature of plant heat tolerance (Almeselmani et al., 2006). Fv'/Fm' was more stable under heat
stress. Relative insensitivity in Fv'/Fm' was reported by Crafts-Brandner and Salvucci (2002).
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Chlorophyll pigments and carotenoids (Chl a, b, and Car)
Chl b decreased under moderate and severe temperature stress (Table 5.1). There was no
difference between moderate and severe temperatures. The plant content of Chl b was the highest
at the 25°C but decreased when the temperature was 35°C or higher. There was no change in Chl
b content between temperatures 35 and 45°C. Increased temperature caused a significant
reduction in Chl b content (Almeselmani et al., 2006). The degradation of Chl b may be
attributed to a decrease in light-harvesting chlorophyll proteins (LHC) related to PSІІ (LHCІІ)
which could be a preferential decrease to transfer energy to the core of PSII (Xu et al., 1995).
This decrease in LHCII could help reduce potential damage from photooxidation by reducing
absorption of photons (Cui et al., 2006).
In contrast, the increased temperature increased Car values compared to control (Table
5.1). Similar changes in Car were partially reported by Yüzbaşioğlu et al. (2017). The lowest Car
content was observed at 25°C. There was no difference in levels under 35 or 45°C. This result
agrees with (Chalanika De Silva and Asaeda, 2017). A reduction in LHC may have been due to
alteration in chlorophyll pigment composition leading to production of light chloroplast types
well known to possess more Car (Camejo et al., 2005).

Hydrogen peroxide (H2O2)
H2O2 was stable in plants under 25 and 35°C. However, 45°C caused increases in H2O2
levels (Table 5.1). Increases in the ROS H2O2 have been shown in other species affected by heat
(Jubany-Marı´ et al., 2008) as observed in Callistemon in this study when temperature was
92

severe (45°C). However, the levels of H2O2 were not affected under control or moderate
temperature stress (25 and 35°C) respectively. ROS typically increase in plants under
environmental stress conditions including biotic and abiotic (Apel and Hirt, 2004). The current
result agrees with Jubany-Marı´ et al. (2008) who concluded H2O2 was induced and consequently
accumulated in plants suffering stressful conditions. Under heat stress, superoxide radicals, ·O2-,
are transformed by SOD into the powerful oxidant H2O2 which can be scavenged by CAT
activity into water and molecular oxygen (Dionisio-Sese and Tobita, 1998; Kusvuran et al.,
2016). This increase in H2O2 may be important in inducing tolerance against oxidative stress by
activating plant antioxidant systems depending on its concentration. Antioxidant mechanisms
and stress tolerance can be induced with moderate doses of H2O2, while higher doses cause
oxidative stress and damage (Gechev et al., 2002; Hameed and Sheikh, 2007). The scavenging of
H2O2 is influenced by increases in CAT activity associated with increases in stress tolerance
(Almeselmani et al., 2006).

Catalase and superoxide dismutase activities (CAT and SOD)
CAT activity was increased in plants grown under 35°C compared to in 25°C (Table 5.1).
The activity decreased to less than the control when the plant was grown under 45°C. The SOD
activity showed no change in plants under 35°C compared to 25°C. The activity was decreased
under 45°C (Table 5.1). In this study, when temperature increased to 35°C, there was 12.74%
increase in CAT activity with no change in SOD activity compared to their activities at 25°C.
However, when temperature increased to 45°C, both CAT and SOD activities decreased
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significantly by 18.06% and 20.47%, respectively. It has been reported that activity of CAT and
SOD may increase under limited heat stress due to ROS accumulation. When heat stress is
greater, the activity of both enzymes decreases. Accumulation of ROS may cause functional
damage to cell membranes (Li et al., 2014). Decreases in these enzyme activities under increased
temperature also agrees with Zhang (2014). Cui et al. (2006) concluded SOD was increased in
leaves under 35°C stress for 10 days, but decreased after 20 days. The reduction of both
enzyme’s activity when under heat stress may be compensated by increases in alternative
mechanisms or antioxidant enzymes such as ascorbate peroxidase or glutathione peroxidase
(Hameed and Sheikh, 2007; Liu and Huang 2000; Rizhsky et al., 2002; Willekens et al., 1997).
Conclusion
Thermotolerance and heat stress adaptability of Callistemon plant were investigated. The
plant was exposed to three temperature regimes, 25/15, 35/25, 45/35°C d/n, as control, moderate,
and severe heat stress respectively, for a two-week period. The experiment revealed the plant’s
capacity to grow and develop under heat stress with constant or increase in healthy growth
indicators. There was no change in Chl a, a decrease in Chl b, and an increase in Car content
under heat stress. CMT% and Fv'/Fm' showed no changes due to temperature stress. No change
was also observed in H2O2 level at moderate stress. However, H2O2 level increased under severe
stress. Antioxidant enzymes responded significantly to the different heat treatments. There was
an increase in CAT activity and sustained SOD activity under moderate heat stress. This result
indicates greater ROS scavenging capacity of Callistemon under moderate heat stress and
moderate plant thermotolerance. Callistemon can successfully adapt to heat stress conditions in
landscapes.
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Table 5.1

Two weeks exposure of Callistemon plants to heat stress temperatures (T) affected
concentrations of chlorophyll pigments a (Chl a), b (Chl b), and carotenoids (Car),
and activity of cell membrane thermostability (CMT), quantum efficiency
(Fv'/Fm'), hydrogen peroxide (H2O2), Catalase enzyme (CAT), and superoxide
dismutase (SOD).
H2O2 CAT
Fv'/Fm' (μmol (μmol/
(ratio)
/mg)
min/mg)

SOD
(μmol/
min/mg)

T (°C)

Chl a
(µg/cm2)

Chl b
Car (µg/
2
(µg/cm ) cm2)

CMT
%

25/15

10.25 a

4.47 a

1.38 b

78.6a 0.76 b

2.7 b

29.9 b

9.8 a

35/25

10.01 a

2.78 b

2.15 a

78.6a 0.77 a

2.6 b

33.7 a

10.0 a

45/35

10.39 a

2.93 b

2.15 a

77.8a 0.76 b

4.3 a

24.5 c

7.8 b

z

Means followed by same letters within column are not different
according to LS-means separation test (P=0.05).
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Table 5.2

Daily and total averages in day (D) and night (N) of light (PAR), soil moisture
(SM), soil temperature (ST), and air temperature (AT) in each temperature
treatment during the two weeks exposure of Callistemon plants to heat stress
temperatures during the first replication (2-week period).
PAR

average

SM

average

ST

average

AT

average

D
N
D
N
D

256.82
0.00
267.18
0.00
263.07

247.25
0.00

18.25
18.35
20.08
19.96
20.49

16.96
19.14

24.25
15.53
24.35
15.32
23.98

23.45
15.26

25.45
15.45
25.44
15.36
25.35

24.84
15.34

N
D
N
D
N
D
N
D
N
D

0.00
249.75
0.00
252.68
0.00
240.75
0.00
248.25
0.00
243.14

19.91
20.03
22.63
19.23
21.72
14.91
8.32
8.01
19.64
15.06

15.29
23.58
15.26
23.22
15.22
23.46
15.26
23.39
15.15
23.03

15.36
25.14
15.36
24.85
15.39
24.71
15.28
24.63
15.28
24.62

N
D
N
D
N
D
N
D

0.00
247.89
0.00
235.79
0.00
254.68
0.00
243.75

11.54
10.28
19.73
17.58
20.29
18.31
21.07
18.13

15.21
23.18
15.22
23.14
15.36
23.13
15.14
23.26

15.33
24.61
15.29
24.61
15.32
24.60
15.34
24.56

N
D

0.00
240.89

21.16
17.60

15.22
23.20

15.35
24.57

N
0.00
22.76
15.28
D
216.82
19.47
23.15
N
0.00
20.88
15.19
y
Averages were calculated from the two-week period

15.36
24.55
15.33
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Table 5.3

Daily and total averages in day (D) and night (N) of light (PAR), soil moisture
(SM), Soil temperature (ST), and air temperature (AT) in each temperature
treatment during the two weeks exposure of Callistemon plants to heat stress
temperatures during the second replication (2-week period).
PAR

average

SM

average

ST

average

AT

average

D
N
D
N
D

253.11
0.00
237.29
0.00
235.57

245.95
0.00

16.282
21.125
15.729
20.25
15.207

16.94
19.04

31.72
24.52
31.61
24.49
31.84

31.66
24.50

34.67
25.10
34.68
25.29
35.12

35.23
25.28

N
D
N
D
N
D
N
D
N
D

0.00
234.79
0.00
249.86
0.00
261.29
0.00
255.93
0.00
231.50

19.815
18.564
17.275
17.829
18.81
16.146
19.44
16.32
19.19
16.793

24.71
31.69
24.65
31.59
24.47
31.60
24.67
31.56
24.50
31.73

25.25
35.43
25.38
35.36
25.30
35.37
25.14
35.35
25.29
35.47

N
D
N
D
N
D
N
D
N

0.00
244.61
0.00
246.00
0.00
241.00
0.00
244.57
0.00

20.505
18.364
19.635
17.986
20.925
18.35
19.39
16.343
17.345

24.51
31.71
24.43
31.40
24.37
31.78
24.26
31.69
24.42

25.35
35.30
25.31
35.31
25.32
35.28
25.24
35.29
25.33

D
256.25
16.793
31.69
N
0.00
16.26
24.42
D
251.50
16.414
31.59
N
0.00
16.53
24.59
y
Averages were calculated from the two-week period

35.25
25.35
35.27
25.21
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Table 5.4

Daily and total averages in day (D) and night (N) of light (PAR), soil moisture
(SM), Soil temperature (ST), and air temperature (AT) in each temperature
treatment during the two weeks exposure of Callistemon plants to heat stress
temperatures during the third replication (2-week period).
PAR

average SM

average ST

average AT

average

D
N
D
N
D

249.86
0.00
240.04
0.00
246.21

244.09
0.00

16.78
18.89

40.82
34.06

44.95
35.29

N
D
N
D
N
D
N
D
N
D

0.00
240.46
0.00
236.07
0.00
253.93
0.00
234.04
0.00
247.21

19.96
17.254
18.035
18.575
21.445
16.632
20.37
16.789
19.82
17.1

34.16
40.95
34.35
40.84
34.10
41.01
34.11
40.69
34.43
41.29

34.18
44.90
35.37
44.86
35.49
44.79
35.25
44.73
35.35
44.90

N
D
N
D
N
D
N
D
N

0.00
204.14
0.00
242.57
0.00
239.39
0.00
258.21
0.00

20.705
11.336
17.585
17.196
20.81
17.936
17.235
16.243
19.17

34.06
40.79
34.17
40.61
34.16
41.03
33.04
40.73
34.06

35.45
45.03
35.46
45.33
35.45
45.12
35.46
44.42
35.48

D
264.50
18.268
40.50
N
0.00
17.675
34.09
D
260.61
18.404
40.80
N
0.00
15.325
34.07
y
Averages were calculated from the two-week period

44.45
35.46
44.55
35.21

15.779
18.355
16.107
18.025
17.343
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40.74
33.92
40.58
34.14
40.88

45.73
35.18
45.61
35.25
44.87
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SKETCHUP USE FOR MODELING 3D LANDSCAPE DESIGN
Abstract
The three-dimensional modeling software SketchUp was used to design a 3D plan to
understand the shading effects near structures for a specific geographic location. The objectives
of the study were to evaluate the usefulness of the program in landscape work by visualizing the
site and predicting real site shadows. The process was conducted using the basic version of
SketchUp (17.2.2555) available for free download. The program function was successful in
designing the 3D plan desired. The program provided drawing and editing tools that performed
practically and helped in landscape designing and site analysis. The 3D design plan provided a
full visualization of the site. The program was not only used for visualization, it was successfully
employed to predict shadows of structures in the landscape. This helped to estimate the amount
of shade plants would obtain from shade structures situated at various angles to the earth and
compass orientations, east, west, or south, of structures at the site. Using this program, different
models may be designed, and their landscape performance examined before construction in the
field.
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Introduction
Using SketchUp to design a three-dimensional (3D) landscape of cities is considered
novel (Lang, 2007). The program performed efficiently with design time significantly reduced,
and energy spent to construct large-scale landscapes greatly lowered. Eventually, the
construction cost may be decreased due to adjustments of inputs. This method can be broadly
used to design diverse landscapes of different sites and different types of planning (Zhong-qiu
and Kai, 2008). By use of computer software several operations, such as building design and
drawing, can be implemented. Architectural works are easily designed with 3D simulation
software making it easy to modify and stylize various design options. There is no doubt 3D helps
better understand what the designer intends. SketchUp is one such 3D modeling software used in
the landscape architecture field (Hong and Chun-Xia, 2013).
Many versions of the software are available. The basic version is available for various
computer systems and can be downloaded from the website http://sketchup.com. It is a free
software program which can be used to make, manipulate and distribute 3D models. The
program is commonly used by architectural, planning, civil and mechanical engineering and
related professions. It contains practical tools for conceptual modeling. Using the location
feature, a location can be easily selected to place a built 3D model or build on the location base
and upload it to appear in Google Earth (Nellutla, 2014). Using this software, a 3D- world could
be designed and built in a short time period. Various science principals can be demonstrated with
this program. A useful and unique feature of this program for landscape planting is the shadow
view. Shadow direction and length at any time of day can be easily shown for an object
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designed. Sun direction and angle can be explored throughout the year to investigate the effects
of seasonal changes and specific time periods (Siegle, 2007).
SketchUp basic version’s availability without license or payment makes it not only
accessible for users, but also, downloadable for private use. Research has reported SketchUp is
commonly used in engineering (Hong et al., 2008). Among the various 3D computer programs,
this software has been the most used. It is used worldwide for modeling existing buildings for
viewing in Google Earth, engineering, and for designing new products (Fleron, 2009). In
scientific areas, such as architecture and engineering, SketchUp was used to improve spatial
abilities. Spatial visualization ability was improved for students in geometry when SketchUp was
applied (Kurtulus and Uygan, 2010).
Web-based systems, programs, and applications can be used to manage farm processes
and improve the life of farmers. Using SketchUp, students at university level can improve their
spatial abilities in agricultural practices (Martín-Dorta et al., 2008) and investigate different 3D
models to create animations (Goel, 2009). Plant can be displayed with 3D visualized farms
(Obiniyi and Ibrahim, 2015). The program has been described as the easiest 3D modeling
software to learn and use (Chopra, 2009). It was approved as the best 3D modeling software for
use in landscape design. Using SketchUp functions, all site plan components can be designed
(Tal, 2010). The 3D dynamic software SketchUp has been ranked the best geometric tool to
improve teaching skills and provide visualization. SketchUp was compared with various teaching
materials including solid materials and traditional methods on improving teaching skills. The
study recorded the most improvement when the candidates used SketchUp (Baki et al., 2011).
The software improved the visualization ability of students (La Ferla et al, 2009). The objectives
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of the study were to evaluate the usefulness of SketchUp in landscape work by visualizing the
site and predicting real site shadows. SketchUp was used to design a 3D plan to understand the
shading effects of structures and the potential effects of shade on plant establishment for a
specific geometric location.

Methodology
The free basic version (17.2.2555) of the three-dimensional software computer program
SketchUp (Trimble Inc., Sunnyvale, CA) was used. The program was installed onto a personal
computer for quick access. The process of creating the 3D plan is summarized with the following
steps. A small rectangle was drawn using rectangle command (

) and pulled up (pull/push

)

to make a 3D shape with 120 cm height. The shape was copied and placed as follows:

(select

click move + Ctrl

click the pre-selected shape

drag

type distance

enter).

A line was dragged ( ) across the two shapes to connect them and add a surface to
represent the shade structure. A cylinder (28 cm diameter x 21 cm height) to represent a plant
was placed 30 cm from the structure (Fig. 6.1). The form (shade structure with cylinder) was
selected and copied 6 times with a distance at 365 cm apart. Three of the shade structures were
kept upright (90° from ground surface), while the others were changed to diagonal (70°) (select
and rotate

) (Fig. 6.2). Each of the forms were repositioned to one of three compass

directions (rotate), east, west, and south. After all forms were set (2 angles and 3 directions), one
additional cylinder was added with no shade structure associated as the control. Each of the 7
final forms was copied and replicated 8 times. Shade box was activated to add shadows for
objects. The shade tool was used to examine and to avoid interaction of forms shading each other
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(Fig. 6.3). Location was added (file < geo-location < add location) at coordinates 33.4504° N,
88.8184° W. The final model was examined and evaluated based on the program function and
features.

Results and Discussions
The model
SketchUp is computer software used in building three-dimensional (3D) objects with
drawing tools. The use of this software was advantageous for landscape design. The program
itself was unique for sketching shapes and surfaces and editing the design intended. There was
simplicity of using the program and flexibility of creating the model. With the tools provided,
various structures were created quickly. The tools enabled creating different types of shapes with
less effort. The program was supplied with different commands to draw and perform several
functions required for design work. Drawing a rectangle with a certain size and pulling it up to
create a 3D shape, drawing a line and dragging to add surfaces was functional for a basic design
process (Fig. 6.4). To draw a cylinder, a circle was drawn in the desired diameter and pulled up.
Tools including push/pull, copy paste, move, rotate, tape measure, and dimension assisted in
quickly designing 3D objects. In addition, zoom, pan, and orbit tools were functional in building
the model and visualizing the design. The final form was obtained through an organized process.
Potential mistakes at installation of the plan in the field were avoided due to use of
SketchUp. The program accurately measured (tape measure tool) length, size, and distance
among the plan components. This produced a more professional design with more consistency
with less time and effort. When the created design was tested on both the software and real site,
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the results were comparable and accurate. The total area and least distance required between
treatments were accurately determined. The 3D design produced was easily editable which
allowed making any change desired during the process. It was workable to construct a realistic
3D model of landscape using the computer-based software. There was a clear perception of what
the final design would be in the real site by employing this program in the design process. This
agrees with Gill (2013) and Nellutla (2014) who concluded that landscape work can be
effectively made using computer-based 3D software.

Location
The geolocation feature in SketchUp shows terrain and support locating the model on
Google Earth. The program allowed searching for the real site and to “grab” it. The model was
then previewed, and spatial conditions of the real site shown. This assisted in determining the
ability to install the model designed. Linking the real site to the SketchUp modeled plan provided
visualization of the model on the earth with actual surrounding constructions. Terrain, buildings,
and construction were displayed. It was allowed for the basic version of the program (at the time
of the study) to connect to Google Earth and position the designed plan in different places across
the world (Fig. 6.5). Although this feature has been eliminated in the current basic version, it is
still available by upgrading to the pro version (not free). Without this tool, there would be
difficulties to collect accurate data about terrain and buildings surrounding the site. Data
collecting has been the most limiting factor in landscape design (Danahy, 1999). When the
design was geolocated, spatial results were interactively obtained and displayed. The result
illustrated the design can be applied to the site successfully. With this tool, the design was
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determined to be compatible in terms of total area needed and direction. It also simulated
neighboring terrain and buildings. This presented a proof of the possibility to use the program to
simulate and predict location conditions. Nevertheless, there was a limitation of this tool. When
location was added, the real site details were not shown clearly. The supporting program (Digital
Globe) did not allow buildings and structures to clearly display. It stops the user at a specific
level of exploring. In this case, Google maps can be explored for better details.

Shadow
The most unique feature of the program was the shadow tool. When this tool was selected
(shadow option), there were more relative options (such as shadow date) to select. It was easy to
designate any date and time in the year. By this feature, shadow direction and length were
precisely set. Based on latitude and longitude, the changes in sun angles can be explored during
the year and within any day. It simulated sun/shade time to the minute level during any month of
the year (Fig. 6.6) (Hong et al., 2013). It was useful in exploring shadows of objects in the
design. With this, the shade and sunlight were easily predicted for the site. This feature could be
used to estimate the shadow cast of each design part in the site. This in turn, contributed to
calculating the sun and shade plants received at a certain time in pretested landscape conditions.
Applying this tool helped in recognizing the amount of shade cast on plants from shade
structures with different directions and angles. The periods and time of the shade cast on the real
site were estimated. The best effect of structure angle and direction were expressed and
interpreted. In the field, various responses were shown from plants under different shade
provided. This agrees with Siegle (2007) who concluded this program was useful in exploring
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sun changes throughout the year. This feature may also help in selecting plants for different
landscapes depending on their tolerance to shade or sun. It is worth mentioning that while the
program has successfully proven its features and feasibility, it is not free of limitations. Shade
percentage was one limitation encountered in this work. It would be more beneficial for the
program to have a shade measuring tool. This tool would help better calculate the amount and
percentage of shade cast from objects or penetrating through materials.

Conclusion
The 3D plan was designed using SketchUp basic version. The program was evaluated for
its function and advantages for landscape work. The program was also used to simulate and
evaluate spatial and temporal effects on design. The results showed the usefulness of the
software in the landscape. The designing process was organized and flexible. Linking the 3D
model to the real site provided more information about the site spatial conditions. The temporal
conditions during the year were predicted and precisely applied. This allowed users to investigate
the design at various times and places. The modeled landscape was tested, and reality presented
by positioning it to Google Earth. The program facilitated design and implementation when used
properly. When tested, the result was comparable and accurate. This program was found useful
and effective to visualize and examine landscape sites.
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Figure 6.1

SketchUp used to create a form (shade structure with cylinder) based on specific
dimensions.

Figure 6.2

SketchUp tools used to select shade structures to adjust the angle to the ground.
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Figure 6.3

Figure 6.4

The final plan in SketchUp with the shadow tool applied.

a

b

c

d

Steps of building the shade structure (a) draw rectangle, (b) pull up, (c) copy the
shape, and (d) connect to create surface using SketchUp.
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Figure 6.5

Figure 6.6

Steps in SketchUp for adding location to the plan designed.

SketchUp shadow tool with options to select date during the year.
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Figure 6.7

Figure 6.8

Google Earth photo used for real site location.

Demonstration of shadow visualization using SketchUp for July 7, 2018 morning
shadows cast.
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Figure 6.9

Demonstration of shadow visualization using SketchUp for July 7, 2018 afternoon
shadows cast.
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CONCLUSION
The use of mulch and restricting water when establishing Callistemon in the landscape
increased the plant’s ability to tolerate drought stress. Mulch helped plants to maintain their root
volume under decreased field capacity and improve root volume and leaf water potential. Water
stress increased canopy temperature, but improved water use efficiency and enhanced root to
shoot ratio. The positive effects of mulch and reduced water availability increased drought
tolerance. Planting with temporary shade structures located to the south of the plant also
improved Callistemon establishment. Shade structures located to the south of the plants were
effective in reducing transpiration which may help the plant use less water and establish more
successfully in a hot, arid climate. Callistemon was found to adapt well to moderate heat stress
conditions. The plant showed the ability to establish and grow under heat stress conditions with
little impact on its growth. Callistemon antioxidant enzymes including superoxide dismutase and
catalase were stable or increased under moderate temperature stress increasing the plant’s
capacity in reactive oxygen species scavenging. These characteristics improved Callistemon
ability to adapt to heat stress conditions in landscapes. When establishing Callistemon, the use of
mulch, restricting watering and providing temporary shade to the south of the plant was
effective.
The use of SketchUp software to model landscape plans was applicable. Designing a
model using this software required less time, effort, and money to visualize the impact of
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landscape structures on the plants. SketchUp provided simplicity to designate and explore the
effects of landscape structures via the model designed. The software was especially useful in
predicting shadows cast by structures at different times of day and year. The real site position
was easily simulated and estimated. The use of SketchUp in predicting effects of shade from
landscape structures will potentially improve landscape design and modeling.
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